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ABSTRACT
DETERMINANTS FOR THE TIDING OF ESCAPEMENT FROM THE 
SOCKEYE SALMON FISHEkY OF THE COPPER RIVER,
ALASKA: A SIMULATION MODEL
Howard A* S cha lle r  
Department of Oceanography 
Old Dominion U n iv e rs i ty ,  1984 
D irec to r :  Dr. P h i l l i p  R. Mundy
A model to  es tim ate  determ inants f o r  migratory  t im in g  o f  c a t c h  and 
escapem ent i n  a t e r m in a l  salmon f i s h e r y  i s  p r e s e n te d .  A method was 
developed to  e s t im a te  average seasonal m ig ra tion  r a t e s  of salmon through 
a h a r v e s t  a rea  from catch  and escapement d a ta .  The time s e r ie s  fo r  the  
t o t a l  popula tion  o f  Copper River sockeye salmon (Oncorhvnchus n e rk a ) was 
reco n s tru c ted  in  the  re fe rence  frame o f  the  commercial h a rv es t  a rea  from 
ca tch  and escapement d a ta .
The c a t c h a h i l i t y  c o e f f i c i e n t s  ( q ) ,  derived from the  re co n s tru c ted  
popula tions  were found to vary  w ith in  season and be tw een  s e a s o n s .  The 
r e l a t i o n  betw een q and e f f o r t  was a t t r i b u t e d  to  a h ig h ly  com petit ive  
f i s h e ry .
The d i f f e r e n c e s  found be tw een  the  d e s c r ip t iv e  s t a t i s t i c s  fo r  the  
tim e  d e n s i t i e s  o f  c a t c h  and c a t c h  p e r  u n i t  o f  e f f o r t  (CPUE) a r e  
a t t r i b u t e d  to  v a ry in g  q . In  a h igh ly  com petitive te rm ina l f i s h e ry  the 
time den s ity  of ca tch  was found to  be  a b e t t e r  r e p r e s e n t a t i o n  o f  th e  
tim e d e n s i t y  o f  t o t a l  abundance than th a t  o f  CPUE. The comparison of
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the time s e r ie s  c f  d a i ly  p ropo rtions  o f  ca tch  and CPUE was found to  be a 
va luab le  d ia g n o s t ic  to o l  fo r  determining whether q was v a r i a b l e  o v e r  a 
season.
I t  was i n f e r r e d  f ro m  th e  r e c o n s t r u c t e d  tim e  s e r i e s  o f  t o t a l  
abundance t h a t  e scap em en t f rom  t h e  c o m m e rc ia l  h a r v e s t  a r e a  was 
underestim ated by the sonar coun ter .  The under e s t im a tio n  of escapement 
from the commercial h a rv es t  a rea  may be a t t r ib u t e d  to  two s o u r c e s ;  (1 )  
t h e  d e l t a  s t o c k s  a r e  h i g h e r  th a n  p o in t  e s t i m a t e s  found by s to c k  
sep a ra t io n  s tu d ie s  ; (2) th e  en u m era tio n  o f  escapem ent to  th e  u pper  
C opper  R iv e r  spawning a r e a s  a r e  b e in g  u n d e r e s t im a te d  by th e  so n a r  
coun ter .
The s i m u l a t i o n  m odel was a u s e f u l  t o o l  f o r  i n v e s t i g a t i n g  th e  
behavior of m igratory  time d e n s i t i e s  and fo r  e v a lu a t in g  th e  s u c c e s s  o f  
a l t e r n a t iv e  management s t r a t e g i e s  in  terms o f  d i s t r i b u t in g  an escapement 
goal p ro p o r t io n a te ly  over tim e.
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1CHAPTER 1 
INTRODUCTION
In  a commercial f i s h e r y  th e  h a r v e s t  manager i s  u s u a l l y  g iv e n  a 
s p e c i f i c  h a rv es t  o b je c t iv e ,  o r  th e  complement, an escapement o b je c t iv e ,  
as s e t  by th e  p o l i t i c a l  s t a t e .  The manager d i r e c t s  th e  o p e r a t i o n  o f  
f i s h i n g  g e a r  in  o r d e r  to  a c h ie v e  s p e c i f i c  h a r v e s t  o b j e c t i v e s .  The 
dynamic process by which h a r v e s t  o r  escapem ent o b j e c t i v e s  a r e  met i s  
termed h a rv es t  c o n t ro l .
The com m ercial f i s h e r y  f o r  sockeye salmon (Oncorhvnchus nerka) of 
th e  Copper R iv e r ,  A laska , i s  a te rm inal f i s h e ry  (Wright, 1981; Schnute 
and S ib e r t ,  1984). A te rm inal f is h e ry  takes  advantage of the  m igratory 
b e h a v io r  o f  a d u l t  salm on by h a r v e s t i n g  co n ce n tra t io n s  o f  f i s h  before 
they reach th e  Bpawning grounds. In  an attempt to  i n s u r e  t h a t  p ro d u c t  
q u a l i t y  i s  m a r k e t a b l e ,  t e r m i n a l  a r e a s  a r e  l o c a t e d  i n  m arine  and 
e s tu a r in e  w a te r s  a d j a c e n t  to  t h e  mouths o f  r i v e r s .  I t  i s  s ta n d a rd  
h a r v e s t  c o n t r o l  p rocedure  in  Alaskan salmon n e t  f i s h e r i e s  to  spread an 
annual ta rg e t  lev e l  o f  ca tch  p ro p o r t io n a te ly  across  a l l  time segments of 
th e  m i g r a t i o n  o f  a s p e c i e s  to  i n s u r e  th e  su rv iv a l  of spawning salmon 
from each time segment (Mundy, 1982). The m anagers  o f  such  a f i s h e r y  
h a v e  a v a r i a b l e  d e g re e  o f  c o n t r o l  ov e r  w h e th e r  o r  n o t  escapem ent 
r e q u i re m e n ts  f o r  spawning a r e  m e t.  The v a r i a b i l i t y  i s  r e l a t e d  to  
inform ation resources  and le g a l  r e s t r i c t i o n s .
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2In  th e  Copper R iv e r  f i s h e r y  th e  on ly  means to  c o n t r o l  h a r v e s t  
o p e r a t i o n s  i s  to  r e s t r i c t  t h e  amount o f  t im e  th e  f i s h e r y  i s  open . 
Within the  course o f  a season, h a rves t c o n t ro l  c o n s i s t s  o f  a s e r i e s  o f
b in a r y  d e c i s i o n s  to  h a r v e s t  o r  n o t  to  h a r v e s t .  In  th e  c a s e  o f  the
Copper R iver, the h a rv es t  c o n t ro l  d ec is io n s  r e s u l t  in  the  escapem ent o f  
sockeye salmon a c r o s s  a l l  t im e  segm ents  o f  th e  m i g r a t i o n .  For the  
Copper R iver, escapement g o a l s  a r e  sp re a d  p r o p o r t i o n a t e l y  a c r o s s  a l l  
t im e  segm ents o f  th e  m i g r a t i o n  and s c a le d  by a num erica l escapement
o b j e c t i v e .  Once th e  b i n a r y  s w i tc h  i s  s e t ,  t h e  o u tc o m e  c a n n o t  be
c h a n g e d ,  s i n c e  escap em en t o b j e c t i v e s  a re  s p e c i f i e d  f o r  each  t im e  
i n t e r v a l .  The b a s ic  i n f o r m a t io n  needed  to  d e l i v e r  an escapem ent o r  
h a r v e s t  g o a l  as  a f u n c t i o n  o f  t im e  i s  how th e  t im e  d i s t r i b u t i o n  of 
openings (or c lo su re s )  o f  a f i s h e ry  w i l l  e f f e c t  th a t  d i s t r i b u t io n .
In  o r d e r  to  make r a t i o n a l  h a rv es t  d e c is io n s ,  the  manager must be 
ab le  to  p r e d ic t  and monitor t o t a l  abundance w ith in  the te rm in a l  f i s h i n g  
a r e a  th ro u g h  th e  d u r a t i o n  o f  th e  m ig ra tio n .  This monitoring has been 
t r a d i t i o n a l l y  accomplished by gauging the  c u r ren t  seasons c a tc h  a g a i n s t  
th e  a v e ra g e  p e rfo rm an ce  o f  th e  f i s h e r y .  The average performance o f  a 
f is h e ry  i s  cons truc ted  from averaging d a i l y  c u m u la t iv e  p r o p o r t i o n s  o f  
c a t c h  f o r  a l l  p a s t  y e a r s  o f  r e c o r d .  The manager u s e s  th e  a v e ra g e  
performance of the  f i s h e ry  to  determine w ith in  which p e r c e n t i l e  o f  th e  
t o t a l  m ig ra tion  the  f i s h e ry  i s  o p e ra t in g .  The year to  year v a r i a t i o n  in  
the  p ro p o r t io n a l  performances o f  most Alaskan salmon f i s h e r i e s  imposes a 
high degree o f  u n c e r ta in ty  on h a rv es t  d ec is io n s .
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3The o v e r a l l  o b j e c t i v e  o f  th e  s tu d y  w as to  q u a n t i f y  how t h e  
d i s t r i b u t i o n  o f  th e  openings Cor c lo su re s )  of the  Copper River sockeye 
salmon f i s h e r y  would e f f e c t  th e  d e l i v e r y  o f  th e  an n u a l  e s c a p e m e n t  
o b je c t iv e .
The f i r s t  t a s k  o f  th e  i n v e s t i g a t i o n  was to  e s t im a te  the  average 
seasona l r a t e  o f  m i g r a t i o n  by a n a ly z in g  com m ercia l c a t c h  and so n a r  
e s c a p e m e n t  d a t a .  S e c o n d l y ,  t h e  num ber o f  salmon m i g r a t i n g  was 
re c o n s tru c te d ,  w i th i n  t h e  r e f e r e n c e  fram e o f  th e  f i s h e r y ,  as  a t im e 
s e r i e s  o f  bounded e s t im a te s  o f  the  d a i ly  t o t a l  pooled abundance. Then 
develop a s im u l a t i o n  model f o r  th e  Copper R iv e r  com m ercia l sockeye 
salmon f i s h e ry .  Using the  c a tc h a b i l i t y  c o e f f i c i e n t s  and the  d e s c r ip t iv e  
s t a t i s t i c s  o f  th e  m ig r a to r y  t im in g ,  w hich  w here  e s t i m a t e d  from th e  
reco n s tru c ted  m ig ra tio n s ,  the f is h in g  of the  m ig ra tio n  was s im ulated .
One purpose fo r  developing the s im u la tion  model was to  d e te rm in e  
w h e th e r  t h e  t im e  d e n s i t y  of c a t c h  o r  th e  t im e  d e n s i t y  o f  CPUE b es t  
r e p r e s e n t e d  th e  m ig r a to r y  t im in g .  Then d e t e r m i n e  t h e  c a u s e  f o r  
d e p a r t u r e  o f  a t im e  d e n s i t y  o f  ca tch  or CPUE from the  time d en s ity  of 
t o t a l  abundance.
R o b e r s o n  e t  a l .  ( 1 9 7 8 )  s u g g e s te d  t h a t  e s t i m a t i o n  o f  t o t a l  
seasonal Copper River sockeye salmon commercial c a tc h  combined w i th  an 
escapem ent index f ig u re  could be used annually  f o r  m od if ica t ions  o f  the 
f ish in g  periods  to m anipulate the  ca tch  and escapement. One a p p l ic a t io n  
o f  t h e  p r o p o s e d  s i m u l a t i o n  model was to  q u a n t i f y  th e  e f f e c t s  o f  
r e g u l a t o r y  a c t i o n s  on t h e  t e m p o r a l  d i s t r i b u t i o n s  o f  c a t c h  and
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4escapem ent. The problem  was f i r s t  i n v e s t i g a t e d  by s im u la t in g  th e  
f i s h e r y  f o r  the  reco n s tru c ted  m ig ra tio n s .  Then eva lua ting  the d i f f e r e n t  
s c h e d u le s  f o r  opening  th e  f i s h e r y  i n  te rm s  o f  m e e t in g  e s c a p e m e n t  
o b je c t iv e s .
S ince  each  s tock , or geographic i s o l a t e ,  may have a c h a r a c t e r i s t i c  
m igratory  timing (K i l l ic k ,  1955), the ca tch  i s  d i s t r i b u te d  over  t im e  to  
av o id  h a r v e s t i n g  any one s to c k  d i s p r o p o r t i o n a t e l y .  Thompson (1962) 
s t r e s s e s  th e  im p o r tan ce  o f  d e s ig n in g  f i s h i n g  r e g u l a t i o n s  to  i n s u r e  
p r o t e c t i o n  f o r  a w id e  d i v e r s i t y  o f  g e n o t y p e s ,  i n c l u d i n g  th o s e  
rep resen ted  by le s s  p roduc tive  s to c k  u n i t s ,  i n  o r d e r  to  m a in ta i n  th e  
a b i l i t y  o f  th e  e n t i r e  m i g r a t i o n  t o  a d a p t  to  changes in  environmental 
c o n d i t i o n s .  I n  a d d i t i o n ,  MacLean and Evans (1981) a rg u e  t h a t  i f  
popula tion  subd iv is ion  i s  an adap tive  r e s u l t  o f  a s e t  o f  coadaptive l i f e  
h is to ry  t r a i t s ,  then the  s t r e s s  w hich te n d s  to  m odify  t h a t  s t r u c t u r e  
w i l l  a l t e r  th e  p a t t e r n  o f  g e n e t ic  v a r i a t io n  and consequently , cause a 
dec l in e  in  o v e ra l l  f i t n e s s .  T herefore , the knowledge o f  th e  m ig r a to r y  
t im in g  o f  th e  t a r g e t  s p e c ie s  i s  an e s s e n t i a l  p iece o f  inform ation  fo r  
sound harves t c o n t ro l .
M ig ra to ry  t im in g  i s  abundance as  a f u n c t i o n  o f  t im e  in  a f ix ed  
geographic re fe rence  frame (Mundy, 1979). R e la t iv e ly  la rg e  f lu c tu a t io n s  
o f  t o t a l  seasonal abundance fo r  salmon popula tions  has req u ire d  the  use 
o f  th e  p r o p o r t i o n  o f  t o t a l  abundance a s  a f u n c t i o n  o f  t i m e ,  t h e  
m ig r a to r y  tim e d e n s i t y ,  f o r  d e s c r ib i n g  h i s t o r i c a l  performance o f  the 
m igra tion  and i t s  a sso c ia ted  o b se rv a tio n s .  The knowledge t h a t  th e  tim e 
d e n s i t y  o f  a salmon m igra tion  i s  c o n s is te n t  from year to  year ,  allows a
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t o t a l  seasonal y ie ld  (Mundy, 1982; Schnute and S ie b e r t ,  1983).
An id e a l  d a ta  s e t  t h a t  cou ld  i n s u r e  b i o l o g i c a l l y  sound h a r v e s t  
c o n t r o l  d e c i s i o n s  f o r  a t e r m in a l  salmon f i s h e r y  would in c lu d e :  the 
c a t e g o r i e s  o f  p r s s e a s o n  escapem ent g o a l s  a s  a f u n c t i o n  o f  t i m e ,  
escapement to  d a te ,  commercial ca tch  to  d a te ,  h i s t o r i c a l  averages o f  the 
cumulative time d e n s i t y  to  d a t e ,  and th e  s ta n d a r d  d e v i a t i o n  o f  t h a t  
f i g u r e .  I n  r e a l i t y  b i o l o g i c a l l y  sound management d e c i s i o n s  may be 
p r e c lu d e d  by p o l i t i c a l  p r e s s u r e s  a r i s i n g  from s o c i a l  and eco n o m ic  
c o n d i t io n s  surrounding the f i s h e r y .  In  many ca se s ,  sound management i s  
p r e c lu d e d  by th e  a b s e n c e  o f  one  o r  m ore o f  t h e  p r e c e e d i n g  d a t a  
c a t e g o r i e s .  S t i l l  i t  may b e  a rgued  t h a t  economic and s o c ia l  f a c to r s  
should be included in  an id e a l  h arves t  c o n tro l  da ta  base .
F o r t u n a t e l y ,  i n  r e c e n t  y e a r s  th e  c o l l e c t i o n  o f  d a t a  and th e  
management p o l i c i e s  of the  Copper River sockeye salmon f i s h e r y  c l o s e l y  
a p p r o x im a te  i d e a l  h a r v e s t  c o n t r o l  c o n d i t i o n s ,  w h e re in  s o c i a l  and 
economic f a c to r s  a re  excluded during the dec is ion  making p r o c e s s .  The 
m anagem ent t a k e s  a p r o j e c t e d  sea so n  h a r v e s t  and a l l o c a t e s  i t  i n t o  
expected weekly h a rv es t  based on th e  h i s t o r i c  p a t t e r n  o f  c a t c h  i n  th e  
com m ercial f i s h e r y .  Monitoring o f  escapement tren d s  i s  provided by the 
sonar counter on th e  main Copper R iver. A e r i a l  e scapem en t su rv e y s  o f  
m a jo r  spawning areas  on the  r i v e r  d e l ta  account fo r  escapement which i s  
not covered by th e  s o n a r .  The in fo rm a t io n  i6  used  to  a d j u s t  w eek ly  
f i s h i n g  t im es  to  m eet w eekly and s e a s o n a l  escapem ent g o a l s  (Alaska 
Department of F ish  and Game (ADF&G), 1982, and Roberson e t  a l . ,  1978).
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th e  Copper R iv e r  sockeye  salmon f i s h e r y  p ro v id e s  th e  in form ation  to  
es tim ate  how many f i s h  a re  in  the commercial f i s h in g  d i s t r i c t  each day .  
In  a d d i t i o n ,  the  d a i ly  e x p lo i ta t io n  r a t e s  can be es tim ated  by including 
the  d a i ly  f ish in g  e f f o r t  p re s e n t .  The e r r o r  i n  e s t i m a t i o n  stems from 
t h e  t im e  d i f f e r e n c e s  betw een th e  com m ercial f i s h i n g  a r e a  and th e  
escapement en u m era tio n  l o c a t i o n s  ( l a g  t im e s )  w hich  a r e  n o t  e x a c t l y  
known. Determ ination o f  the r a t e  o f  m ig ra tion  o f  the  average f i s h  w hile  
t r a v e r s i n g  th e  com m ercia l f i s h i n g  a r e a  and a sc e n d in g  th e  r i v e r  i s  
n e c e s s a r y  to  be a b l e  to  r e c o n s t r u c t  th e  time s e r i e s  o f  t o t a l  sockeye 
abundance i n  th e  r e f e r e n c e  frame o f  th e  f i s h e r y  (Mundy, 1979 , and 
Brannian, 1982).
S c h a e fe r  (1968) has  s ta te d  th a t  one use o f  f i s h e r i e s  s im ula tion  
i s  " . . .  to  a r r iv e  a t  the  es tim ate  of p a ra m e te rs  i n  a model by v a ry in g  
them u n t i l  an a c c e p ta b l e  s im u la t io n  o f  a s e r i e s  o f  da ta  i s  ach ieved ."  
I t  could be argued t h a t  t h i s  i s  a p rob lem  i n  s t a t i s t i c a l  e s t i m a t i o n  
theo ry .  P au lik  (1972) po in ted  out th a t  s im ula tion  in  ap p l ied  ecology i s  
an attem pt to  determine a s e t  of pa ram ete rs  t h a t  w i l l  a l lo w  a  dynamic 
m ode l to  g e n e r a t e  an a r t i f i c i a l  sequence  w hich  mimics an o b se rv e d  
h i s t o r i c a l  time s e r ie s  involving a b i o l o g i c a l  p o p u l a t i o n .  S im u la t io n  
m odeling  o f  a commercial f i s h e ry  o f f e r s  a number o f  p o te n t i a l  b e n e f i t s ,  
such as :  (1) the  o rg an iz a tio n  o f  a complex sy s tem  (2 )  e v a l u a t i n g  th e  
u t i l i t y  o f  th e  e x i s t i n g  raw d a t a  b ase  (3 )  p r e d i c t i n g  the impact of 
a l t e r n a t iv e  management s t r a t e g i e s  and (4 )  an i n s t r u c t i o n a l  t o o l  f o r  
management t r a i n in g .
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and some o r g a n i z a t i o n  to  th e  sy s tem . F i r s t ,  by r e c o n s t r u c t i n g  the 
m igra tion , the  popu la tion  can be organized in to  i t s  time d i s t r i b u t i o n  of 
c a t c h  and  e s c a p e m e n t  w i t h i n  th e  r e f e r e n c e  fram e o f  th e  f i s h e r y .  
S econd ly ,  s i m u l a t i o n s  c a n  i n d i c a t e  w h e t h e r  t h e  v a r i a b i l i t y  o f  
s t a t i s t i c a l  a t t r i b u t e s  have been  cau sed  by f l u c t u a t i n g  m ig r a t i o n  
p a t te rn s  o f  the f i s h ,  or by f lu c tu a t io n s  in  f ish in g  e f f o r t .  E s t im a t in g  
the  sources o f  v a r i a b i l i t y  i s  an o rg a n iz a t io n a l  exerc ise  o f  overwhelming 
p roportions  w ithout the  a id  o f  computer modeling.
S im u la t io n  le n d s  i n s i g h t  on th e  value o f  e x is t in g  raw da ta  fo r  
eva lua tion  o f  the b a s ic  d i s t r i b u t i o n ,  tim ing , and abundance in f o r m a t io n  
u sed  f o r  h a r v e s t  c o n t r o l  o p e r a t i o n s .  Lackey (1975) p o i n t s  o u t  the 
m ode le r  may become p a i n f u l l y  aware o f  a r e a s  o f  m i s s i n g  d a t a  and 
subsequently make recommendations fo r  data  a c q u i s i t io n  needed to  improve 
management.
The Copper River salmon f i s h e ry  i s  defined  as a feedback c o n t ro l  
system, and modeled a p p ro p r ia te ly .  A c o n tro l  system i s  an a rrangem en t 
o f  p h y s i c a l  components co n n e c te d  o r  r e l a t e d  in  such a manner as to 
command, d i r e c t ,  o r  re g u la te  i t s e l f  o r  another system (DiStefano e t  a l . ,  
1967).
I n  th e  c a se  o f  th e  Copper River f i s h e ry  the input o f  the system 
i s  the m igrating salmon and th e  o u tp u t  i s  th e  escapem ent o f  salm on. 
When t h e  in p u t s  and o u tp u t s  a r e  known f o r  a c o n t r o l  system , i c  i s
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A t e r m in a l  f i s h e ry  f a l l s  under the  heading of a man-made c o n t ro l  
system, remembering th a t  a f i s h e ry  i s  a human a c t i v i t y  (Royce, 1 9 8 3 ) .  
T h is  ty p e  o f  f i s h e r y  i s  c l a s s i f i e d  as a c losed-loop c o n t ro l  system. A 
closed-loop  c o n t ro l  sy s tem , more commonly c a l l e d  a fe e d b a c k  c o n t r o l  
system, i s  one in  which c o n t ro l  a c t io n  i s  dependent on o u tp u t .  Feedback 
i s  found to  e x i s t  in  a system when a closed  sequence of cau se -an d -e ffe c t  
r e la t io n s  e x i s t s  between system v a r ia b le s  (DeStefano e t  a l . ,  1967).
The major components of th e  Copper River f is h e ry  c o n t ro l  system  
a r e  t h e  c o n t r o l l e r  ( r e g u l a t o r y  agency) and th e  p l a n t  ( f i s h e r m e n ,  
v e s s e l s ,  and gear) (F ig .  1 ) .  The feedback e lem en ts  o f  t h e  system  a re  
composed o f  th e  f o l lo w in g :  (1 )  c u r r e n t  seasons commercial ca tch  (2) 
a v e ra g e  p e rfo rm an ce  o f  com m ercia l c a t c h  (3 )  c u r r e n t  se a so n s  s o n a r  
escapem ent and (4 )  a v e ra g e  performance of the  sonar escapement. The 
feedback elements e s ta b l i s h  a fu n c t io n a l  r e l a t io n  betw een th e  fe e d b a c k  
s ig n a l  and the  co n tro l le d  ou tp u t ,  which i s  in te rp re te d  hy the  c o n t r o l l e r  
( F ig .  1 ) .  The c o n t r o l l e r  sen d s  th e  p l a n t  a s i g n a l  i n  th e  fo rm  o f  
h a r v e s t  r e g u la t io n s .  The p la n t  may rece iv e  d is tu rbances  in  the form of 
extreme weather co n d i t io n s ,  market co n d i t io n s ,  and labor d is p u te s .
The model can be v e r i f i e d  by mimicing h i s t o r i c a l  d i s t r i b u t io n s  of 
ca tch  and escapement. Once th e  model i s  v e r i f i e d ,  e f f e c t i v e n e s s  o f  
h a r v e s t  c o n t r o l  s t r a t e g i e s  o f  th e  management agencies can be examined. 
The method used to  eva lua te  the  e f f e c t iv e n e ss  of a management s t r a t e g y  
was to  m easure  how c lo se  the  d i s t r i b u t io n  o f  input (m igrating salmon)
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F ig u re  1 .  Feedback c o n t ro l  system diagram fo r  the  Copper River sockeye 
salmon f i s h e ry .


































matched the d i s t r i b u t i o n  of output (salmon escapem ent)  o f  th e  c o n t r o l  
s y s t e m .  H i s t o r i c a l l y ,  m anagers  o f  com m ercial f i s h e r i e s  have been  
in te r e s te d  in  p re d ic t in g  the  impact of proposed f i s h i n g  r e g u l a t i o n s  o r  
e x p l o i t a t i o n  r a t e s ,  where th e se  e n t i t i e s  a re  expressed in  th e  form o f a 
season, mesh s i z e ,  or quota (Lackey, 1975). The model may be  employed 
by management a g e n c ie s  t o  i n v e s t i g a t e  th e  h a rv es t  c o n t ro l  s t r a t e g i e s  
w hich a r e  t h e  m o s t  e f f e c t i v e  f o r  t h e i r  p a r t i c u l a r  o b j e c t i v e s .  
Documented procedures fo r  o b ta in in g  h a rv es t  o b je c t iv e s ,  under cond itions  
of u n c e r ta in ty ,  can be derived  from s im u la t io n  work shops a t t e n d e d  by 
a l l  p a r t i e s  involved in  s e t t i n g  re g u la t io n s .
Simulation gaming has been used ex ten s iv e ly  in  b u s in e s s  and by 
many a s p e c t s  o f  th e  m i l i t a r y ,  and t h e r e  have been a few attem pts  in  
applying such games to  t e a c h  th e  p r i n c i p l e s  o f  r e s o u r c e  management 
(S ch a lle r  and Barth, 1983; Mundy, 1983). Simulation models o f  t h i s  type 
would allow t r a in e e s  to  t e s t  t h e i r  a n a ly t ic a l  s k i l l s  as w e l l  a s  t h e i r  
dec is ion  making a b i l i t y  under r e a l  time co n d i t io n s .  The s im ula to r  would 
compress years  o f  r e a l  time management experience in t o  weeks o r  months 
according to  t r a i n e e s '  schedu les .  The p rog ress ion  o f  simulated t r a in in g  
would f a m i l i a r i z e  s t u d e n t s  w i th  th e  p r a c t i c a l  l i m i t a t i o n s  on t h e  
a n a l y s i s  and i n t e r p r e t a t i o n  o f  f i s h e r i e s  d a t a ,  w h i le  p e rm itt in g  the  
a c tu a l  conversion of the se  s k i l l s  in to  management a c t io n s .  The g r e a t e s t  
a s s e t  o f  a m anagem ent s i m u l a t i o n  program  i s  expos ing  t r a i n e e s  to  
d ec is io n  making under co n d i t io n s  of u n c e r ta in ty .
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CHAPTER 2
Study Area and D esc r ip tion  o f  F ishery
O rig in a t in g  a t  th e  Copper G la c i e r  on th e  n o r th  s lo p e  o f  M t. 
W ra n g e l l ,  th e  Copper River flows through the  Chugach mountains, p a s t  a 
number o f  g l a c i e r s ,  u n t i l  i t  merges w ith  th e  f l a t s  o f  th e  d e l t a  ( F ig .
2 ) .  The Copper River i s  more than 500 k ilom ete rs  (km) long, has a t o t a l  
f a l l  o f  approximately 1100 meters (m), and an average f a l l  of ab o u t 2 .9  
m km"^ (Mendenhall, 1905).
The Copper River i s  the  l a rg e s t  stream on the  southern  coas t of 
Alaska frequented  by salmon, bu t  i s  only a moderate producer o f  salm on. 
The e n t i r e  r i v e r  system abounds in  lakes which a re  f a i r l y  tu rb id  due to  
l a r g e  amounts o f  g l a c i a l  a c t i o n  th ro u g h o u t  th e  w a te r s h e d .  I n  t h e  
e l a b o r a t e  ne tw ork  o f  streams and la k e s ,  favorab le  spawning grounds are  
com paratively l im ited  and d ispersed  r e l a t i v e  to  o th e r  p a r t s  o f  A laska  
(Rich and B a l l ,  1935).
The d e l ta  o f  the  Copper River extends about 75 km along the  Gulf 
o f  Alaska from Hinchinbrook I s l a n d  to  P o in t  M ar t in  in  th e  e a s t .  The 
fou r  major r iv e r s  th a t  flow in to  th e  d e l t a ,  from eas t to  west, a re  Eyak, 
G la c ie r ,  Copper, and M artin . The most important c o n tr ib u to r  of the  four 
r i v e r s ,  in  te rm s  o f  volume, i s  the  Copper. Together w ith  the  ad jacen t 
c o a s t a l  w a te r s  t h e s e  r i v e r s  form what i s  c a l l e d  th e  Copper R iv e r
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 2 .  The Copper River d ra inage .
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commercial f is h in g  d i s t r i c t  (F ig . 3 ) .
The c h a n n e l s ,  o r  s lo u g h s ,  and the mud f l a t s  between th e  sand 
bars  and d e l t a ,  have been the  p r in c ip a l  f i s h i n g  grounds i n  th e  Copper 
R iv e r  d i s t r i c t  s i n c e  commercial e x p lo i ta t io n  o f  i t s  salmon began. A ll  
f i v e  s p e c ie s  o f  P a c i f i c  salm on a r e  c a p tu re d  i n  t h e  a r e a ,  b u t  o n ly  
s o ck ey e ,  coho , and ch in o o k  a r e  o f  commercial importance. The gear  i s  
r e s t r i c t e d  to  one d r i f t  g i l l  n e t  o f  150 fathoms in  leng th  per  b o a t .  In  
1982, 525 d r i f t  g i l l  ne t perm it ho lde rs  p a r t i c ip a te d  a t  l e a s t  some time 
during th e  season. Commercial f is h in g  of sockeye salmon u s u a l ly  b e g in s  
in  mid May and i s  r e g u la te d  by emergency management o rders  in  terms o f  
openings and c lo su re s  during the  season.
The com m ercia l sockeye salmon f i s h e r y  has been  in  e x is ten ce  
s ince  1889. The e x p lo i t a t io n  o f  salmon began  somewhat l a t e r  i n  t h i s  
a r e a  th a n  i n  o th e r  im p o r ta n t  sockeye  salmon s t r e a m s ,  a c c o rd in g  to  
Thompson (1964), because of the r e l a t i v e  i n a c c e s s i b i l i t y  o f  th e  Copper 
R iv e r  a r e a  to  v e s s e l s  in  u se  a t  th e  t im e .  The 93 -  year mean ca tch  
(1899 -  1982) fo r  commercial sockeye salmon of the  Copper R iver f i s h i n g  
d i s t r i c t  i s  644,281 f i s h ,  w ith  a standard  d ev ia t io n  o f  478,990.
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F ig u r e  3 .  Copper River and Bering River drainage showing the  lo c a t io n s  
of the  commercial f is h in g  d i s t r i c t s  and the  sonar escapement enumeration 
s i t e .
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3.1 M igratory timing fo r  commercial ca tch  and sonar escapement
D a ily  c a t c h  and e f f o r t  d a t a  were drawn from th e  ADF&G commercial 
f i s h e r i e s  ca tch  rep o r t in g  system . The fo l lo w in g  t im e  s e r i e s  o f  d a t a  
c a t e g o r i e s  were d e s ig n a te d  fo r  a n a ly s i s :  d a i ly  ca tch ,  d a i ly  p ropo rtion  
of t o t a l  ca tch ,  cumulative d a i ly  c a tc h ,  cumulative d a i l y  p r o p o r t i o n  o f  
t o t a l  ca tch .
D a i l y  e s c a p e m e n t  d a t a  f o r  t h e  u p r i v e r  sockeye salmon s t o c k s ,  
c o l le c te d  a t  the Miles Lake sonar enumeration s i t e ,  were drawn from th e  
P r in c e  W illiam  Sound Area Annual Management Reports (1978 -  1982). The 
following time s e r ie s  o f  d a ta  ca te g o r ie s  were d e s ig n a te d  f o r  a n a l y s i s ;  
d a i l y  sonar  escap em en t,  d a i l y  p r o p o r t i o n  o f  t o t a l  sonar escapement, 
cumulative d a i ly  sonar escapement, cumulative d a i ly  p ro p o r t io n  o f  t o t a l  
sonar escapement.
The d e s c r i p t i v e  s t a t i s t i c s  fo r  each annual m igratory  time d e n s ity  of 
the da ta  c a te g o r ie s  p rev io u s ly  described  were computed. The mean ( th e  
c e n t r a l  day o f  th e  m i g r a t i o n )  and the  v ar iance  ( the  d isp e rs io n  o f  the 
m igra tion  through time) were computed using the  methods o f  Mundy (1982). 
The skewness (asymmetry o f  th e  m igra tion) and k u r to s i s  (peakedness of
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th e  m i g r a t i o n ) ,  w hich  a re  m easu re s  o f  d e p a r t u r e  o f  t h e  o b s e r v e d  
f re q u e n c y  d i s t r i b u t io n s  from no rm ality ,  were computed using the methods 
o f  Sokal and Rohlf (1981).
The a v e r a g e  d a i l y  p r o p o r t i o n s  and c u m u la t iv e  p r o p o r t i o n s  were 
c a lc u la te d  f o r  a l l  years  of ca tch  and escapement. In  the  years  1979 and 
1980 f i s h i n g  was c lo se d  fo r  a major p o r t io n  of the season. A censored 
a v e ra g e  o f  d a i l y  and c u m u l a t i v e  p r o p o r t i o n s  w e re  c a l c u l a t e d  by 
e l im in a tin g  the years 1979 and 1980.
3.2  Lag time es tim ation  and t o t a l  popula tion  re c o n s tru c t io n
A method fo r  e s tim ating  the average t r a v e l  time fo r  a sockeye salmon 
between the commercial f ish in g  a rea  and th e  M iles  Lake so n a r  s i t e  was 
acco m p lish ed  by comparing the  two time s e r ie s  o f  d a ta  in  the  following 
manner: (1) the  time s e r ie s  of commercial ca tch  was p a ire d  w ith  each of
th e  t im e  s e r i e s  o f  escapem ent counts o f f s e t  from 0 to  11 days back in  
time; (2) the lagging p rocedure  was perfo rm ed  f o r  th e  y e a r s  1978 to  
1983; (3) the  Pearson product moment c o r r e la t io n  was c a lc u la te d  fo r  the
p a ire d  d a t a  s e t s  o f  com m ercial c a t c h  a t  each o f  th e  12 tim e lagged  
s e r i e s  o f  sonar escapement fo r  1978 to  1983; (4) c o r r e l a t io n  o f  pa ired
o f f s e t  da ta  y ie ld in g  the  h ig h e s t  negative  r  value was c o n s id e re d  to  be 
th e  most reasonab le  es t im a te  f o r  th e  numbers of days o f f s e t  between the  
two a re a s .  The b as ic  hypothesis  f o r  t h i s  procedure i s  t h a t  th e  l a r g e r  
th e  c a t c h  th e  l a r g e r  the red u c t io n  in  escapement. There fore ,  the  b es t  
e s t im a te  o f  lag time w i l l  y ie ld  th e  h ig h e s t  negative  r  value between the 
two tim e  s e r i e s  o f  d a t a .  Once t h e  b e s t  es tim ate  fo r  t r a v e l  time was
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e s ta b l i s h e d ,  the  escapement d a ta  was ad ju s ted  back i n t o  th e  com m ercia l 
f i s h e ry  and summed to e s t im a te  the  time d i s t r i b u t io n  o f  t o t a l  popula tion  
in  th e  com m ercia l f i s h e r y .  The d e s c r i p t i v e  s t a t i s t i c s  f o r  e a c h  
e s t i m a t e d  a n n u a l  m i g r a t o r y  t im e  d e n s i t y  o f  t o t a l  p o p u la t io n  was 
computed.The f i r s t  f i f t y  days o f  t h e  m ig r a t io n  (day  1 = May 10) w ere 
u s e d  f o r  a l l  o f  t h e  a n a l y s i s  w h ic h  f o l l o w .  T h is  was to  re d u c e  
com plicating e f f e c t s  of d e l t a  s to c k s  r e p l a c in g  u p r i v e r  s to c k s  i n  th e  
c a tc h e s  l a t e  i n  th e  season. In  a d d i t io n  the  m a jo r i ty  of ca tch  fo r  the  
com m ercial sockeye  f i s h e r y  i s  ta k e n  betw een l a t e  May and mid J u n e  
(M err i t t  and Roberson, 1984).
The d a i l y  r a t e s  o f  e x p l o i t a t i o n ,  ut , fo r  each o f  the  re co n s tru c ted  
time d i s t r i b u t io n s  of t o t a l  popu la tion  were ca lc u la te d  by:
„ t  = £ t  ( i )
where
Ct  = the  t o t a l  ca tch  on day t
Nt  = Ct  + Et _L = the  t o t a l  popu la tion  on day t
Et _L = escapement lagged L days
L = th e  number of days escapement was lagged.
I n c o r p o r a t i n g  R i c k e r ' s  (1 9 7 5 )  c l a s s i f i c a t i o n  o f  i d e a l i z e d  f i s h  
p opu la t ions ,  i t  has been assumed th a t  the  Copper River i s  a Type 1 where 
n a t u r a l  m o r t a l i t y  does n o t  o c c u r  d u r in g  th e  f i s h i n g  s e a s o n .  The 
p o p u la t io n  i s  s u b j e c t  o n ly  to  f i s h i n g  m o r t a l i t y .  The r a t e  o f  
e x p lo i ta t io n  i s  expressed in  terms o f  ins tan taneous m o r ta l i ty  r a t e s :
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ut  = l - e " F t (2)
where
Ft  = q t f t  = the  ins tan taneous  f is h in g  m o r ta l i ty  r a te  
qt  = the  c a t c h a b i l i ty  c o e f f i c i e n t  on day t  
f t  = the  e f f o r t  on day t ,  
by s u b s t i tu t in g  q t f t  f ° r  Ft  Equation 2 becomes:
u t  = 1-e ^ t ^ t )  (2a)
then solving fo r  q t ( c a t c h a b i l i ty )  Equation 2a becomes:
qt  = ln  C1- ^ )  (2b)
" f t
The method fo r  de term ina tion  o f  lag time was compared w ith  th e  method 
o f  Brannian (1982) ( s im i la r  to  th e  method o f  Mundy and Mathisen (1 9 8 1 ) )  
f o r  th e  com m ercial sockeye f i s h e r y  o f  Togiak Bay, Alaska. The b as ic  
a ssu m p tio n  o f  th e  method i s  t h a t  th e  c a t c h a b i l i t y  c o e f f i c i e n t  i s  
c o n s t a n t  i n  t h e  t h e o r e t i c a l  m o d e l .  One so u rce  o f  v a r i a n c e  f o r  
c a t c h a b i l i t y  was be lieved  to  be  an in a d e q u a te  c h o ic e  o f  la g  t im e .  A 
r e l a t io n  was developed and te s t e d  over a range o f  lag times where i t  was 
maintained th a t  the b e s t  es tim ate  o f  lag time fo r  a given y ea r  was t h a t  
w hich minimized the va r iance  o f  q t^ s .  The c a tc h a b i l i ty  c o e f f i c ie n t  was 
ca lc u la te d  f o r  a given day and year  a f t e r  Equations 1 and 2b as:
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qt  = ln ( l - [C t /(C t +Et _L)] )
where th e  lag time (L) i s  v a r ie d  over a range, which i s  c o n s is te n t  w ith  
p l a u s i b l e  swimming speeds fo r  sockeye salmon, and the var ian ce  o f  q t ' s  
was ca lc u la te d  fo r  each la g .  The b e s t  e s t i m a t e  o f  lag  t im e  was t h a t  
which showed the minimum c o e f f i c ie n t  of v a r ia t io n  (CV) fo r  q.
A s im p le  l i n e a r  r e g r e s s io n  model was cons truc ted  to  e s tim ate  u ,  the 
av e ra g e  s e a s o n a l  r a t e  o f  e x p l o i t a t i o n .  The model i s  d e r iv e d  f rom  
Baranov's ca tch  equation:
Ct  = Ft Nt  (4)
where
Nt  = average abundance during day t .
The average abundance during day t  can be expressed as:
t= l 
N = jNe~Zdt 
t=0
N = N (l-e~Z) (5)
Z
where
Z = F+M = the  t o t a l  ins tan taneous  m o r ta l i ty  r a t e
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M = the  in s tan taneous  n a tu r a l  m o r ta l i ty .
Assuming a Type 1 f i s h e ry  Zt  = Ft ,
A = 1-e = uj-
where
A = the  a c tu a l  m o r ta l i ty  r a t e
u = the  a r i th m e t ic  mean o f  the ut  over the  m days
m = the  number of days f ish e d  during the season
By s u b s t i tu t in g  Nt u /F t  fo r  N in  Equation 4,
Ct  = NfcU (6)
which r e l a t e s  the  ca tch  on th e  time in t e r v a l  to the  t o t a l  popula tion  by 
the  cons tan t of p r o p o r t io n a l i ty ,  the  average seasonal e x p lo i ta t io n  r a t e .
A r e g r e s s i o n  model was co n s tru c ted  w ith  the  independent v a r ia b le ,  X, 
being N ( t o t a l  p o p u l a t i o n ) ,  and th e  dependen t v a r i a b l e ,  Y, b e in g  C 
( c a t c h ) .  A " n o - i n t e r c e p t "  model seems ap p ro p r ia te  in  analyzing da ta  
w here a ze ro  in d e p e n d e n t  v a l u e  y i e l d s  a z e r o  d e p e n d e n t  v a r i a b l e
(Montgomery and Feck, 1982). In  the  case of a commercial f i s h e ry  i t  i s
obvious t h a t  th e  in d e p e n d e n t  v a r i a b l e  N i s  zero  when th e  dep en d en t 
v a r ia b le  C i s  zero . The r e g re s s io n  model i s  formally s ta te d :
y = Pjx+e (7)
where
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x = the  t o t a l  pop u la t io n ,  N 
y = the  ca tch ,  C
Pl = the  average r a t e  of e x p lo i ta t io n ,  u 
8 = the  random e r r o r  component, N(0,1)
The l e a s t  squares e s t im a te  o f  th e  s lope p^, which in  t h i s  case i s  u i s :
The u n b i a s e d  e s t i m a t e  o f  u and  t h e  a s s o c i a t e d  lO O ( l-a )  p e r c e n t  
c o n f i d e n c e  i n t e r v a l  w ere computed f o r  a l l  y e a r s  o f  r e c o n s t r u c t e d  
m ig ra tio n s .
u n i t  o f  e f f o r t  w i l l  c a p t u r e  a f i x e d  p r o p o r t i o n  o f  t h e  a v a i l a b l e  
p o p u la t i o n  ( L e s l i e  and D a v is ,  1939; DeLury, 1951; R icker, 1975). By




The es tim ate  o f  o^with n_ i  degrees of freedom is :
m m
( 10)
where a l l  q u a n t i t i e s  a re  p re v io u s ly  d e f in ed .
The 100 (1 -a)  percen t confidence in t e r v a l  fo r  u i s  :
( 11)
T ra d i t io n a l  ca tch  models have r e l i e d  on th e  b a s ic  assumption th a t  a
d e f i n i t i o n ,  c a tc h  d u r in g  t im e  i n t e r v a l  t  i s  e q u a l  to  c a t c h a b i l i t y
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Ct  = q ft Nt  (12)
w hich r e q u i r e s  t h e  c a t c h a b i l i t y  c o e f f i c i e n t  to  be cons tan t over tim e. 
There i s  evidence t h a t ,  in  Alaskan salmon n e t  f i s h e r i e s ,  c a t c h a b i l i t y  
v a r ie s  over a season (Brannian, 1982).
In  th e  Copper River commercial sockeye f i s h e ry  th e re  a re  only d r i f t  
g i l l  n e ts  p a r t i c ip a t in g ,  and i t  i s  assumed th a t  each u n i t  of g e a r  i s  o f  
th e  same e f f i c i e n c y .  Gear e f f ic ie n c y  i s  not considered to  be a f a c to r  
t h a t  s ig n i f i c a n t ly  co n t r ib u te s  to  the  v a r i a t i o n  o f  c a t c h a b i l i t y .
A g g re g a t io n  o f  g e a r  i n  s m a l l  a r e a s ,  and l a r g e  amounts o f  g e a r  
f ish in g  a t  one t im e ,  can  c o n t r i b u t e  to  v a r i a t i o n  o f  c a t c h a b i l i t y  i f  
com petition o r  in te r fe re n c e  develops among u n i t s  o f  g ea r .  F ish ing  areas  
of c o n s is te n t  c a t c h a b i l i t y  become known by f i s h e rm e n .  In  th e  c a s e  o f  
th e  Copper R iv e r  f i s h e r y  t h e s e  a rea s  can become r a p id ly  over-crowded. 
Increases  in  e f f o r t  fo rce  fisherm en to  a reas  o f  lower or l e s s  c o n s is te n t  
c a t c h a b i l i t y .  One source o f  v a r ia b le  c a tc h a b i l i ty  has been r e la t e d  to  
u n i t s  o f  gear competing (Pau lik  and Greenough, 1966; Brannian, 1982).
O ther so u rces  o f  v a r i a b i l i t y  are  from weather cond itions  which may 
reduce the  e f f ic ie n c y  of the  g e a r .  In v e s t ig a to r s  have demonstrated th a t  
c a t c h a b i l i t y  i n  g i l l  n e ts  v a r ie s  w ith  s ize  o f  sockeye salmon (Todd and 
L ark in , 1971; Mundy, 1979). Brannian (1982) sugges ts  day o f  m ig r a t io n  
may be a source o f  v a r i a t io n  fo r  c a t c h a b i l i t y .
A l i n e a r  model was d ev e lo p ed  in  which d a i l y  c a t c h a b i l i t y  was
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regressed  a g a in s t  p rev io u s ly  mentioned sources of v a r i a b i l i t y  o p e r a t in g  
during the season. The model:
Qt = 00 + Plxl + 02xl
was te s te d  fo r  the  independent v a r i a b l e s ,  number o f  b o a t s ,  and day o f  
m i g r a t i o n .  These v a r ia b le s  were se le c te d  fo r  t h e i r  ease of a c q u i s i t io n  
during the course o f  a s e a s o n .  The c o e f f i c i e n t s  dev e lo p ed  from th e  
l in e a r  model fo r  a l l  years  o f  da ta  were used to  p re d ic t  t o t a l  popula tion  
from ca tch  and e f f o r t  d a ta .  The c o e f f i c ie n t s  developed from i n d i v i d u a l  
y e a r s  o f  d a ta  were used  to  su p p ly  th e  f i s h e r y  s im u la t io n  model w ith  
v a lu e s  o f  v a r i a b l e  q .  L i n e a r i z e d  e x p o n e n t i a l ,  pow er la w ,  and  
lo g a r i th m ic  r e g r e s s i o n  m odels were a l s o  t e s t e d  f o r  th e  independent 
v a r ia b le  o f  e f f o r t  s ince  o th e r  f i s h e r i e s  have demonstrated t h i s  behavior 
(Brannian, 1982).
3.3 F ishery  model d e r iv a t io n  and s im ulations
A method th a t  i s  accepted fo r  ca lc u la t in g  optimal f i s h in g  p o l i c i e s  
h a s  b e e n  t o  s p e c i f y  a s im p le  model of f i s h e r y  dynam ics ,  and th e n  
c a lc u la te  by numerical methods the  optim al p o l i c y  to  meet a s p e c i f i e d  
o b j e c t i v e  ( C la rk ,  1976; Beddington and May, 1977; W alters and H ilborn , 
1978; H ilborn, 1979). The s im ula tions  follow th i s  b a s ic  approach.
The e n t r y  o f  salmon i n t o  th e  f i s h i n g  a re a  was g en e ra te d  by the 
r e c o n s t r u c t e d  m ig ra to ry  tim e d e n s i t y  o f  t o t a l  p o p u l a t i o n  o r  by a 
g o v ern in g  d i s t r i b u t i o n  f u n c t i o n .  F i s h  may have accu m u la ted  in  the
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harv es t  a rea ,  when more than one time u n i t  was n e c e s s a r y  f o r  p a s s a g e .  
F i s h  a re  exposed  to  h a r v e s t  o p e r a t i o n s  d u r in g  th e  time spent in  the  
harves t  a rea .  The time o f  res idence  i n  the f ish in g  a re a ,  which c o n t ro ls  
th e  a c c u m u la t io n  o f  f i s h ,  i s  derived  by ca lc u la t in g  the amount o f  time 
necessary  fo r  the average in d iv id u a l  f i s h  to  t r a n s i t  t h e  h a r v e s t  a r e a .  
The es tim ate  o f  res id en ce  time i s :
t r  = d /  r  (14)
where
t r  = res idence  time
d = average leng th  of the h a rv e s t  a rea
r  = average r a t e  o f  m ig ra tion  c a lc u la te d  from the  c o r r e la t io n  a n a ly s i s .
The m igratory time d e n s i t i e s  and t h e i r  a sso c ia ted  d e s c r ip t iv e  s t a t i s t i c s  
were c a lc u la te d ,  w i th in  the  re fe re n c e  frame o f  the  h a rv es t  a re a ,  fo r  a l l  
s im ulations  of ca tch ,  CPUE, en try  of salmon, and escapement.
The p o p u la t io n  i s  h a r v e s t e d  by u s in g  E q u a t io n  4 ,  a gene ra lized  
ca tch  equation . C atch  e q u a t io n s  a re  w id e ly  used  i n  f i s h e r i e s  s to c k  
a s s e s s m e n t .  Such equa tions  opera te  as  accounting to o ls  fo r  p re d ic t in g  
the lo ss  o f  f i s h  from  a p o p u la t io n  to  v a r io u s  m o r t a l i t y  a g e n ts  t h a t  
o p e r a t e  sm ooth ly  and s im u l ta n e o u s ly  over  t im e  (Argue e t  a l . ,  1983). 
G eneralized ca tch  models a re  f req u en t ly  used f o r  l a r g e  t im e  i n t e r v a l s  
(w eeks, months, y e a r s ) .  When applying the ca tch  equation  to  small time 
in te rv a l s  the  assumption o f  m o r ta l i ty  o p e r a t in g  sm ooth ly  o v e r  t im e  i s  
c lo se ly  approximated.
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The es tim ate  of the  average popu la tion , on a g iv e n  t im e  i n t e r v a l  
u s i n g  E q u a t i o n  5 d o e s  n o t  t a k e  i n t o  acco u n t f i s h  p o o l in g  in  th e  
com m ercial h a r v e s t  a r e a .  The problem  posed by f i s h  p o o l in g  i n  t h e  
h a r v e s t  a r e a  was a d ju s te d  by adding, the  number o f  f i s h  which were not 
caught in  the  previous time in t e r v a l s  and which had not m ig ra ted  o u t  o f  
th e  h a r v e s t  a r e a ,  to  Nt  in  E q u a t io n  5 .  T h is  q u a n t i t y  i s  termed the  
r e s id u a l  popu la tion , N^. Equation 5 was re w r i t t e n  as:
where
= r e s id u a l  t o t a l  popu la tion  
M = n a tu ra l  m o r ta l i ty  = .00001= 0
For computational convention a very  small value was used fo r  M. 





L = res idence  time.
For ease of computation Equation 15 was converted to :
- ( q  f  +M) p
Pfc = [ (1 -e  t  ) / ( q t f t+M)][Pt +Pp (17)
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where
= p ro p o r t io n  o f  population on day t




The p r o p o r t i o n  o f  th e  p o p u la t io n  on day t ,  P^, was generated from a 
governing d i s t r i b u t i o n .  Two approaches were taken  to  supply a governing 
d i s t r i b u t i o n :  (1 )  th e  u se  o f  t h e  p r o p o r t i o n s  from the  reco n s tru c ted
t o t a l  p o p u l a t i o n  o f  a g iv e n  y e a r ;  (2 )  th e  d i f f e r e n c e d  c u m u l a t i v e  
p r o p o r t i o n s  o f  a normal d i s t r i b u t io n  fu n c t io n  w ith  a mean and variance  
eq u a l  to  th e  m ig r a to r y  t im e  d e n s i t y  o f  t h e  t o t a l  r e c o n s t r u c t e d  
p o p u la t io n  o f  a g iv e n  y e a r .  The formula f o r  c a lc u la t in g  harves ting  a 
popu la tion  was:
where
N = the  t o t a l  popu la tion  for the  f i r s t  50 days o f  the season
Model Assumptions
1) F i s h  a r r i v e  in  the  ha rv es t  a rea  according to  a smooth d i s t r i b u t io n  
c h a ra c te r iz e d  by a s in g le  peak , p o s s i b l y  no rm al (Mundy, 1979; C la rk ,  
1 9 8 3 ) .  F i s h  m i g r a t i o n  i s  u n i d i r e c t i o n a l ,  no backwash due to  t i d a l
o
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a c t io n .
2) This is  a type 1 f i s h e ry ,  where in s tan taneous n a tu ra l  m o r ta l i ty  does 
no t take  place during f is h in g  (R icker, 1975). A very  small v a lu e  f o r  M 
i s  used  as a co m pu ta tiona l convention, which i s  no t to  d r ive  N to  zero 
when f ish ing  i s  absen t.
3 )  D uring  th e  p e r io d  f i s h  a r e  p r e s e n t  i n  th e  h a r v e s t  a r e a ,  t h e i r  
p r o b a b i l i t i e s  of cap tu re  are  equal,  r e g a rd le s s  o f  when they entered the 
f i s h e ry .
4) Salmon f i s h e r i e s  belong to  a g en e ra l  c la s s  o f  f i s h e r i e s  which may be 
designated as " g a n t le t  f i s h e r i e s "  (P au lik  and Greenough, 1966). In  t h i s  
ty p e  o f  f i s h e r y  th e  gear p a ss iv e ly  in te r c e p t  f i s h  as they swim through 
the  harvest a re a .  The Copper River commercial sockeye f i s h e ry  c o n s i s t s  
o f  many ch a n n e ls  where g e a r  p a s s iv e ly  in te rc e p ts  m igrating f i s h .  The 
channels tend to  g e t  over crowded a t  the  peak of the  f ish in g  seaso n  and 
p hys ica l  in te r fe re n c e  o f  gear takes  p lace  (see  d is c u s s io n ) .  The problem 
w ith  modeling a g a n t le t  f i s h e ry  i s  th a t  d e ta i le d  inform ation on s p a t i a l  
and temporal d i s t r i b u t io n  o f  the  spec ies  o f  i n t e r e s t  in  the  harves t a rea  
i s  im perative. In  a d d i t io n ,  d e t a i l e d  r e c o r d s  o f  c a t c h  and e f f o r t  by 
e x a c t  l o c a l i t y  from each boat along a g a n t le t  a re  necessary .  The lack 
of inform ation about the lo c a t io n  o f  in d iv id u a l  b o a t s ,  and th e  p r e c i s e  
rou te  o f  salmon m igra tion , render th e  use o f  a g a n t l e t  f i s h e ry  model fo r  
the  Copper River im p ra c t ic a l .  T h e r e f o r e ,  th e  model o f  a c o m p e t i t iv e  
f i s h e r y  i s  a d o p te d .  The c o m p e ti t iv e  f i s h e ry  i s  a model where in s ta n t  
equal density  i s  assumed a v a i l a b l e  to  a l l  b o a t s  on a g iv en  i n t e r v a l  
(R icker, 1975).
5) The es tim ation  o f  c a t c h a b i l i t y ,  q, was v a r ia b le  over the course o f  a 
season. The model has the  p ro p o r t io n a l i ty  co n s tan t ,  q, s u b s c r ip te d  f o r
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time inorder to  accommodate c o m p e t i t io n  betw een u n i t s  o f  g e a r  d u r in g  
periods  o f  peak f i s h in g .
6) I t  i s  assumed th a t  a l l  f i s h  caught in  the  h a rv es t  a rea  were des t ined  
to  spawn in  the  upper Copper R iver.
Baseline fo r  Comparision
The model was i n i t i a l l y  run w ith  the  em pir ica l d i s t r i b u t io n s  o f  the 
recons truc ted  t o t a l  popula tions f o r  the years  1978 -  1983. E f f o r t  was 
c a l c u l a t e d  by m u l t ip ly in g  the  number o f  boats  by the  p ropo r t io n  o f  the 
day f i s h e d .  The t im e  s e r i e s  o f  c a t c h a b i l i t y  c o e f f i c i e n t s  used  f o r  
s im u l a t i o n ,  were those c a lc u la te d  from the  reco n s tru c ted  time s e r i e s  of 
t o t a l  population f o r  the corresponding y ea r .  The sim ulated tim e s e r i e s  
o f  c a t c h  and escapem ent were compared to  the  time s e r i e s  o f  observed 
ca tch  and lagged escapement.
The method used fo r  comparing the  observed and s im ulated d a ta  was a 
two f o l d  p ro c e d u re :  (1 )  by i n s p e c t i o n  o f  th e  d i f f e r e n c e s  i n  t h e
d e s c r i p t i v e  s t a t i s t i c s  o f  the  time d e n s i t i e s  o f  observed and sim ulated 
ca tc h  and observed and sim ulated escapement; (2) by th e  c o m p u ta t io n  o f  
an index  f o r  p e r c e n t  e r r o r  betw een th e  t im e  s e r i e s  o f  o bse rved  and 
sim ulated da ta  . Roff (1983) defined  a s t a t i s t i c  to  p rov ide  an index of 
th e  p e r c e n t  e r r o r  i n  a p r e d i c t i o n .  T h is  index  was used to  es tim ate  
percen t e r ro r  f o r  the base l in e  s im u la t io n s .  The q u a n t i t y  i s  d e f in e d  
as:
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m
M%E = 1/m ^  [Ofc-P t ]/Ot  100% (20)
t= l
where
m = the  number observa tions  in  a season 
0t  = observed value 
Pt = s im ulated value
The mean a b s o lu t e  p e r c e n t  e r r o r ,  M%E, was used as an index fo r  e r ro r  
between the  observed and sim ulated d a ta .  The index c a l c u l a t e d  f o r  th e  
b a se l in e  s im ula tions  provided a value fo r  e r ro r  in he ren t in  the  model.
A number of s im u l a t i o n s  w ere perfo rm ed  to  e v a l u a t e  how v a r io u s  
e s t i m a t e s  o f  q would e f f e c t  th e  t im e  s e r i e s  o f  ca tch  and escapement. 
Each one o f  the  proposed s im u la t io n s  was e v a lu a te d  by th e  p r e v i o u s l y  
mentioned method fo r  comparision.
The years  1981 -  1983 were simulated as fo llow s:
1) U sing a s e a s o n a l  average value  fo r  q, and a l l  o the r  inpu ts  a re  the  
same as in  the base l in e  s im ula tion ;
2) Using a s e a s o n a l  a v e ra g e  f o r  q w eigh ted  by number o f  boats  on an 
i n t e r v a l ,  and a l l  o t h e r  i n p u t s  a r e  t h e  same a s  i n  t h e  b a s e  l i n e  
s im ulation ;
3) Using the re g re s s io n  model fo r  q th a t  b e s t  f i t  each in d iv id u a l  yea r ,  
and a l l  o the r  inpu ts  a re  the  same as the  base l i n e  s im ula tion ;
4) Using th e  r e g r e s s i o n  model f o r  q t h a t  b e s t  f i t  the  years  1981 -
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1983, and a l l  o th e r  inpu ts  a re  the  same as the base l i n e  s im ula tion ;
5) Using a no rm al c u rv e  to  g e n e r a te  th e  e n t r y  d i s t r i b u t i o n ,  repea t  
s im ula tions  1 -4 ;
The amount o f  e f f o r t  t h a t  i s  p re sen t  during a time in t e r v a l  i s  a 
func tion  o f  a number of economic and l o g i s t i c  v a r i a b l e s .  H i s t o r i c a l l y  
th e  number o f  boa ts  p a r t i c ip a t in g  e a r ly  in  the  season were la rg e .  Many 
fishermen move to  o th e r  f is h in g  areas  around the 30th to  40th coded day 
in  th e  s e a s o n .  The number o f  boats  a lso  seems to  be a fu n c tio n  o f  how 
many hours the  f is h in g  p er iod  i s  open . There a r e  a l s o  many economic 
fa c to r s  such as p r ic e  o f  f i s h  and the genera l  s ta t e  of the  economy.
A l i n e a r  model was d eve loped  in  w hich num ber o f  b o a t s  on an 
in te r v a l  was reg ressed  a g a in s t  the  number of hours the  i n t e r v a l  was open 
to  f i s h in g ,  and coded day of the  season. These v a r i a b l e s  were chosen  
f o r  t h e i r  e a s e  o f  a c q u i s i t i o n .  In  th e  s im u l a t i o n s  to  f o l lo w ,  the  
reg re ss io n  model was used to  p re d ic t  th e  number of boa ts  when choosing a 
schedule fo r  open da te s  o f  f i s h in g .
S im u la t io n s  were performed w ith  two s t r a t e g ie s  fo r  opening f i s h in g  
p e r io d s .  The f i r s t  schedule consis ted  of a small number of open pe r io d s  
w hich w ere e x te n d e d  fo r  a long period  o f  time (g re a te r  than 48 h o u rs ) .  
The second s t ra te g y  c o n s is te d  o f  a la rg e  number of open per iods  open f o r  
a s h o r t  p e r i o d  o f  t im e . The sim ulations were run using the em p ir ica l  
and a norm al d i s t r i b u t i o n  to  g e n e r a te  th e  e n t r y  of salmon i n t o  th e  
ha rv es t  a re a .
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The d i f f e r e n t  s t r a t e g i e s  w e re  e v a l u a t e d  by c o m p a r in g  t h e  
d e s c r i p t i v e  s t a t i s t i c s  c a l c u l a t e d  f o r  s im ula ted  ca tch  and escapement 
a g a in s t  th e  d e s c r ip t iv e  s t a t i s t i c s  ca lc u la te d  fo r  th e  e n t r y  o f  sa lm on. 
Each t im e  d i s t r i b u t i o n  o f  escapem ent s im u la te d  from th e  v a r io u s  
s t r a t e g ie s  was g ra p h ic a l ly  compared to  a t h e o r e t i c a l  d i s t r i b u t i o n  o f  
e s c a p e m e n t .  The t h e o r e t i c a l  d i s t r i b u t i o n  o f  escapem ent was th e  
p ropo rt iona te  d i s t r i b u t io n  f o r  salmon en tering  the  f ish e ry  s c a le d  by an 
escapement o b je c t iv e  of 350,000 sockeye salmon.




4.1  Migratory timing fo r  commercial c a tch  and sonar escapement
M atu ring  sockeye  salm on m ig ra te d  from May 15 through August 30, 
based on commercial ca tches  in  g i l l  n e ts  from 1969 through 1982. On the  
average, 90% of a l l  the  commercial ca tch  was taken  during a p er iod  o f  33 
days (May 15 through J u ly  17) in  these  y ea rs ,  w ith  one h a l f  of the ca tch  
o c c u r r in g  p r i o r  to  June 4 (T ab le  1 . )  M atu r ing  salmon c o n t in u e d  to  
m ig ra te  th ro u g h  th e  Copper R iv e r  d e l t a  w a t e r s  d u r i n g  A u g u s t  and 
September, bu t the  m ig ra tio n  was n ea r ly  over by the end o f  Ju ly .  On the  
average , l e s s  th a n  1% o f  th e  com m ercial c a t c h e s  d u r in g  1969 -  1982 
occurred a f t e r  August 7.
On th e  average  th e  c e n t r a l  h a l f  of the popu la tion  (25% -  75%), was 
a v a i la b le  fo r  h a rv e s t  over a span o f  25 days (May 25 -  June  1 9 ) .  The 
cu rve  f o r  d a i l y  a v e ra g e s  o f  cumulative p ropo rtion  o f  ca tch  fo r  1969 -  
1982 showed a l i n e a r  in c re a se  in  ca tch  o f  approximately 2.1% pe r  day fo r  
t h e  c e n t r a l  h a l f  o f  th e  p o p u la t io n  ( F ig .  4 ) .  The same c u rv e  a l s o  
e x h i b i t e d  u n u s u a l l y  l a r g e  c o n f i d e n c e  l i m i t s  b e y o n d  c u m u l a t i v e  
p roportions  o f  0 .7  (F ig .  4 ) .
The censored average excluded years  when the  f i s h e r y  was c losed  fo r
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Table 1. C o e f f ic ie n ts  o f  v a r i a t i o n  and s tandard d ev ia t io n  (X100) o f  the 
average daily and cumulative proportions of sockeye catch by date, 1969 -  1982. 
The number of observations (N) also i s  shown.
Daily Standard Cum. Standard
Date N Averaee C.V. Deviation N Averaee C.V. Deviat:
515 2 .0264 98 2.59 2 .0264 98 2.59
516 5 .0144 90 1.31 5 .0250 132 3.30
517 6 .0065 128 .83 7 .0234 139 3.26
518 6 .0351 121 4.28 9 .0416 106 4.45
519 8 .0429 82 3.54 11 .0653 117 7.66
520 9 .0359 101 3.63 13 .0802 105 8.42
521 8 .0367 102 3.77 13 .1028 83 8.59
522 7 .0406 59 2.42 13 .1246 81 10.22
523 6 .0529 66 3.51 13 .1491 77 11.49
524 9 .0336 98 3.32 13 .1724 72 12.44
525 8 .0956 103 9.89 13 .2312 62 14.53
526 10 .0563 79 4.45 13 .2746 63 17.44
527 8 .0209 74 1.55 13 .2874 61 17.77
528 10 .0494 138 6.85 14 .3022 68 20.76
529 10 .0725 79 5.77 14 .3541 63 22.66
530 11 .0443 89 3.98 14 .3889 58 22.63
531 10 .0301 97 2.92 14 .4104 54 22.38
601 12 .0335 80 2.70 14 .4392 49 21.55
602 10 .0487 62 3.03 14 .4740 45 21.35
603 12 .0283 81 2.30 14 .4983 43 21.46
604 9 .0401 74 3.00 14 .5241 38 20.37
605 10 .0299 84 2.53 14 .5455 35 19.42
606 8 .0277 64 1.79 14 .5614 34 19.15
607 9 .0326 48 1.58 14 .5824 32 19.03
608 10 .0279 64 1.79 14 .6023 31 19.05
609 10 .0278 63 1.75 14 .6222 30 19.15
610 11 .0230 92 2.13 14 .6403 30 19.39
611 10 .0233 70 1.64 14 .6570 29 19.23
612 9 .0154 73 1.14 14 .6670 28 19.24
613 7 .0187 83 1.56 14 .6763 28 19.33
614 9 .0215 68 1.47 14 .6902 28 19.57
615 10 .0235 64 1.51 14 .7070 28 19.90
616 10 .0196 50 .99 14 .7210 27 20.13
617 10 .0155 96 1.49 14 .7321 27 20.29
618 8 .0188 50 .95 14 .7429 27 20.48
619 10 .0104 86 .90 14 .7504 27 20.58
620 9 .0196 93 1.83 14 .7630 27 20.80
621 9 .0185 66 1.24 14 .7749 27 21.12
622 12 .0120 64 .76 14 .7852 27 21.35
623 9 .0122 75 .91 14 .7931 27 21.46
624 10 .0099 91 .90 14 .8002 27 21.67
625 10 .0127 69 .88 14 .8093 26 21.80
626 7 .0117 66 .77 14 .8151 26 21.86
627 8 .0089 96 .85 14 .8202 26 21.94
628 8 .0075 49 .37 14 .8245 26 22.01
629 9 .0096 60 .58 14 .8308 26 22.13
630 10 .0081 84 .68 14 .8366 26 22.25
701 9 .0078 72 .57 14 .8416 26 22.41
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3 4
Table 1. (continued)
Daily Standard Cum. Standard
Date N Average C.V. Deviation N Average C.V. Deviation
702 9 .0088 51 .45 14 .8473 26 22.53
703 8 .0077 71 .55 14 .8517 26 22.61
704 6 .0062 89 .56 14 .8544 26 22.67
705 8 .0084 76 .64 14 .8593 26 22.77
706 9 .0074 59 .44 14 .8641 26 22.88
707 9 .0066 61 .40 14 .8683 26 23.00
708 10 .0053 67 .36 14 .8722 26 23.12
709 11 .0046 90 .42 14 .8758 26 23.22
710 9 .0054 86 .46 14 .8793 26 23.29
711 8 .0042 77 .32 14 .8817 26 23.35
712 8 .0040 61 .25 14 .8840 26 23.41
713 9 .0031 72 .22 14 .8860 26 23.46
714 10 .0040 74 .30 14 .8889 26 23.52
715 9 .0042 42 .17 14 .8916 26 23.60
716 10 .0039 92 .36 14 .8944 26 23.67
717 10 .0051 67 .34 14 .8981 26 23.76
718 8 .0036 52 .19 14 .9002 26 23.82
719 8 .0037 52 .19 14 .9024 26 23.87
720 9 .0044 65 .29 14 .9053 26 23.95
721 10 .0252 268 6.79 14 .9233 19 18.11
722 11 .0177 263 4.68 14 .9373 14 13.93
723 9 .0029 67 .20 14 .9392 14 13.99
724 10 .0036 51 .18 14 .9418 14 13.98
725 9 .0315 261 8.25 14 .9621 7 7.27
726 10 .0034 136 .47 14 .9646 7 6.87
727 10 .0018 63 .11 14 .9659 7 6.91
728 10 .0056 170 .96 14 .9699 6 6.11
729 11 .0062 264 1.64 14 .9748 4 4.69
730 8 .0018 89 .16 14 .9758 4 4.66
731 9 .0017 107 .19 14 .9769 4 4.69
801 9 .0077 238 1.84 14 .9819 3 3.29
802 8 .0010 51 .05 14 .9825 3 3.31
803 9 .0012 95 .11 14 .9833 3 3.33
804 10 .0013 101 .14 14 .9843 3 3.36
805 12 .0046 301 1.38 14 .9882 2 2.30
806 8 .0010 76 .08 14 .9888 2 2.29
807 9 .0062 191 1.20 14 .9928 1 1.38
808 7 .0029 219 .65 14 .9943 1 1.04
809 8 .0010 194 .19 14 .9949 0 .96
810 6 .0004 124 .05 14 .9951 0 .96
811 6 .0008 105 .09 14 .9955 0 .91
812 5 .0006 121 .08 14 .9957 0 .87
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F ig u r e  4 .  A v e ra g e  c u m u la t iv e  p r o p o r t i o n s  o f  c a tc h  and th e  95% 
confidence in te rv a l  fo r  y ears  1969 -  1982, Copper River d i s t r i c t  (2 1 2 ) .
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a su b s ta n tia l  p o rtio n  o f th e  season (1979 and 1980) from th e  a v e ra g e  o f  
a l l  years o f  reco rd  (1969 -  1982). When observing th e  censored average 
o f commercial c a tc h , 90% of a l l  ca tch  was ta k e n  d u rin g  a p e r io d  o f  25 
days (May 18 th ro u g h  J u ly  1 2 ) , w ith  one h a l f  o f  th e  ca tch  occu rring  
p r io r  to  June 5 (T a b le  2 ) .  L ess th a n  1% o f th e  com m ercial c a tc h e s  
occurred a f te r  Ju ly  28, when observ ing  th e  censored average.
In  c o n t r a s t  to  th e  u n c e n so re d  a v e ra g e , th e  c e n s o r e d  a v e r a g e  
re v e a le d  t h a t  th e  c e n t r a l  h a l f  o f  th e  p o p u la tio n  was a v a i la b le  fo r  
h a rv es t over a span o f 22 days (May 25 -  June 1 6 ). The cu rv e  f o r  th e  
ce n so re d  d a i ly  a v e ra g e s  o f  c u m u la tiv e  p r o p o r t io n  o f  c a tc h  showed a 
l in e a r  in c rease  in  ca tch  o f  approxim ately  2.3% per day f o r  th e  c e n t r a l  
h a l f  o f th e  p o p u la t io n  (F ig . 5 ) . The curve e x h ib ited  narrow ing of the 
con fidence  l i m i t s  ab o u t th e  c e n so re d  av e ra g e  c u m u la tiv e  p r o p o r t io n  
g r e a t e r  th a n  0 .7  ( F ig .  5 ) ,  u n l ik e  th e  average curve fo r  a l l  y ea rs  o f 
re c o rd .
The uncensored d a i ly  averages fo r  p ro p o rtio n  o f ca tch  in d ic a te d  the 
a c t u a l  d a i ly  p r o p o r t io n  was h ig h ly  v a r i a b l e .  The e x t e n t  o f  t h i s  
v a r i a b i l i t y  i s  dem o n stra ted  by the behavior o f th e  s tandard  d e v ia tio n s  
o f these  o b se rv a tio n s  as a fu n c tio n  o f tim e (Table 3 ) .  D aily  v a r ia n c e s  
o f  a v e ra g e  c u m u la tiv e  p r o p o r t io n  o f  c a tc h  w ere a ls o  la rg e  f o r  th e  
c e n t r a l  8 0 %  o f  t h e  m i g r a t i o n  ( T a b l e  1 ) .
The s ta n d a rd  d e v ia t io n  o f the  d a ily  p rop o rtio n s  o f ca tch  from the 
censored average, r e v e a le d  th e  a c t u a l  d a i ly  p r o p o r t io n s  w ere n o t as 
v a r i a b l e  as  from  th e  average o f  a l l  years  o f reco rd  (Table 1 , 2 ) .  The 
censored d a ily  averages of p ro p o rtio n  of catch  gave th e  appearance o f a
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Table 2. C o e ff ic ie n ts  o f v a r ia t io n  and standard  d e v ia tio n  (X100) o f  the 
average daily  and cumulative proportions of sockeye<catch by date , 1969 -  1978, 










515 2 .0264 98 2.59 2 .0264 98 2.59
516 5 .0144 90 1.31 5 .0250 132 3.30
517 6 .0065 128 .83 7 .0234 139 3.26
518 5 .0422 103 4.36 8 .0469 95 4.46
519 7 .0484 71 3.46 9 .0793 98 7.80
520 9 .0359 101 3.63 11 .0943 89 8.42
521 8 .0367 102 3.77 11 .1210 66 8.10
522 7 .0406 59 2.42 11 .1468 65 9.55
523 6 .0529 66 3.51 11 .1757 59 10.48
524 8 .0332 105 3.52 11 .1999 57 11.53
525 7 .0606 60 3.65 11 .2385 56 13.52
526 9 .0491 83 4.10 11 .2787 56 15.73
527 7 .0234 64 1.51 11 .2936 55 16.17
528 9 .0297 123 3.67 12 .2914 57 16.76
529 9 .0607 78 4.78 12 .3370 46 15.62
530 9 .0500 82 4.14 12 .3745 40 15.10
531 10 .0301 97 2.92 12 .3996 37 14.88
601 11 .0363 72 2.64 12 .4330 31 13.63
602 10 .0487 62 3.03 12 .4736 28 13.37
603 11 .0304 75 2.29 12 .5015 27 13.68
604 9 .0401 74 3 12 .5316 21 11.45
605 9 .0313 84 2.63 12 .5551 17 9.90
606 8 .0277 64 1.79 12 .5736 15 9.03
607 9 .0326 48 1.58 12 .5981 13 8.35
608 10 .0279 64 1.79 12 .6214 12 7.91
609 10 .0278 63 1.75 12 .6446 11 7.56
610 11 .0230 92 2.13 12 .6657 11 7.62
611 9 .0254 62 1.60 12 .6848 9 6.72
612 9 .0154 73 1.14 12 .6964 8 6.24
613 7 .0187 83 1.56 12 .7074 8 6.01
614 9 .0215 68 1.47 12 .7236 8 6.07
615 10 .0235 64 1.51 12 .7432 8 6.21
616 10 .0196 50 .99 12 .7595 7 6.06
617 10 .0155 96 1.49 12 .7725 7 5.83
618 8 .0188 50 .95 12 .7851 7 5.73
619 10 .0104 86 .90 12 .7938 6 5.48
620 9 .0196 93 1.83 12 .8085 6 5.25
621 9 .0185 66 1.24 12 .8224 6 5.54
622 12 .0120 64 .76 12 .8344 6 5.52
623 9 .0122 75 .91 12 .8436 6 5.17
624 10 .0099 91 .90 12 .8518 6 5.37
625 10 .0127 69 .88 12 .8624 5 4.90
626 7 .0117 66 .77 12 .8693 5 4.46
627 8 .0089 96 .85 12 .8752 4 4.16
628 8 .0075 49 .37 12 .8803 4 3.96
629 9 .0096 60 .58 12 .8875 4 3.66
630 10 .0081 84 .68 12 .8943 3 3.46
701 9 .0078 72 .57 12 .9002 4 3.67











702 9 .0088 51 .45 12 .9068 3 3.50
703 8 .0077 71 .55 12 .9120 3 3.12
704 6 .0062 89 .56 12 .9151 3 3.08
705 8 .0084 76 .64 12 .9208 3 2.76
706 9 .0074 59 .44 12 .9264 2 2.63
707 9 .0066 61 .40 12 .9313 2 2.68
708 10 .0053 67 .36 12 .9358 2 2.80
709 11 .0046 90 .42 12 .9401 2 2.72
710 9 .0054 86 .46 12 .9441 2 2.50
711 8 .0042 77 .32 12 .9469 2 2.45
712 8 .0040 61 .25 12 .9496 2 2.32
713 9 .0031 72 .22 12 .9520 2 2.22
714 10 .0040 74 .30 12 .9554 2 1.96
715 9 .0042 42 .17 12 .9586 2 2.03
716 10 .0039 92 .36 12 .9618 2 1.95
717 10 .0051 67 .34 12 .9661 1 1.67
718 8 .0036 52 .19 12 .9686 1 1.61
719 8 .0037 52 .19 12 .9711 1 1.51
720 9 .0044 65 .29 12 .9744 1 1.34
721 9 .0026 46 .12 12 .9764 1 1.26
722 10 .0029 94 .28 12 .9789 1 1.31
723 9 .0029 67 .20 12 .9811 1 1.31
724 9 .0037 50 .19 12 .9840 1 1.14
725 8 .0024 102 .24 12 .9856 1 1.02
726 9 .0019 55 .10 12 .9870 0 .96
727 10 .0018 63 .11 12 .9885 0 .93
728 9 .0025 101 .25 12 .9904 0 .74
729 10 .0010 94 .09 12 .9913 0 .68
730 7 .0017 97 .17 12 .9923 0 .62
731 9 .0017 107 .19 12 .9936 0 .47
801 8 .0012 119 .14 12 .9944 0 .42
802 8 .0010 51 .05 12 .9951 0 .41
803 9 .0012 95 .11 12 .9960 0 .36
804 10 .0013 101 .14 12 .9972 0 .25
805 10 .0004 134 .06 12 .9975 0 .22
806 7 .0009 85 .08 12 .9981 0 .20
807 7 .0004 120 .04 12 .9984 0 .18
808 6 .0003 128 .04 12 .9985 0 .16
809 7 .0002 61 .01 12 .9987 0 .16
810 6 .0004 124 .05 12 .9989 0 .15
811 5 .0005 106 .05 12 .9991 0 .12
812 4 .0002 90 .02 12 .9992 0 .11
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F ig u r e  5 .  A v e ra g e  c u m u la t iv e  p r o p o r t i o n s  o f  c a tc h  and th e  95% 
confidence in te rv a l  fo r  y ears  1969 -  1978, 1981, and 1982, Copper R iv e r  
d i s t r i c t  (212).
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Table 3. The coded means, medians, and variances o f sockeye salmon m ig ra tion  
based on commercial catch from Copper River d i s t r i c t  (212).
Coded Date
Year Mean Date Mean Median Variance Skewness Kurtosis
1969 June 11 33 29 222.8 .4333 -.1577
1970 June 05 27- 23 250.3 .9579 .8340
1971 June 16 38+ 30 266.5 1.0647 .4484
1972 June 12 34+ 29 257.9 1.0528 .2707
1973 June 11 33+ 29 213.2 1.0038 .5241
1974 June 09 31 28 230.9 .9194 1.0942
1975 June 06 28 25 187.1 .6851 .4887
1976 June 06 28 20 312.3 1.0603 .6777
1977 June 03 25- 20 236.6 1.2895 1.6808
1978 June 04 26- 20 397.2 1.4139 1.4584
1979a June 01 23- 17 356.2 3.4070 10.2746
1980a July 24 76+ 76 167.1 -2.8298 11.1849
1981 June 05 27- 23 335.0 1.2628 1.6436
1982 June 05 27- 23 225.3 1.2214 2.0558
1983 June 14 36+ 29 416.2 .4430 -.8357
X for coded mean date = 32.6; (SD = 12.8)
Xb fo r coded mean date = 30.1 ; (SD =• 4.6)
a -  Years fishery  was closed for a substan tia l portion of the season, 
b -  Censored averages exclude the years 1979 -  1980._
-  Observation less than lower bound of 95% C .I. on Xb 
+ Observation greater than upper bound of 95% C .I. on Xb
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h igh ly  r i g h t  skewed d i s t r i b u t i o n  (F ig .  6 ) .  D a ily  v a r ia n c e s  o f  th e  
c e n so re d  a v e ra g e  c u m u la tiv e  p r o p o r t io n s  of ca tch  f lu c tu a te d  sh a rp ly , 
peaking when the  cum ulative p ro p o rtio n  re a c h e d  0 .3 .  The v a lu e  o f  th e  
c o d e d  s t a n d a r d  d e v i a t i o n s  o f  th e  c u m u la t iv e  p r o p o r t i o n s  w e re  
s i g n i f i c a n t l y  s m a l le r  f o r  th e  c e n so re d  av e ra g e  as com pared to  th e  
average over the  course of th e  season (Table 1 ,2 ) .
Using ca tch  d a ta , the  mean d a tes  o f m ig ra tion  have v a r ie d  betw een  
May 31 (197 9) and J u ly  24 (1980) during 1969 -  1983 (Table 3 ) .  These 
two extreme mean d a te s  c o rre sp o n d  to  th e  y e a rs  when th e  f i s h e r y  was 
c lo s e d  fo r  a s u b s t a n t i a l  p o r t io n  o f  th e  season (1979 and 1980). The 
range lim its  o f mean d a tes  in d ic a te d  by the  censored y e a rs  w ere Ju n e  6 
(1977) -  June 15 (1 9 7 1 ), and th e  range l im its  o f median d a tes  were May 
29 (1976,1977,1978) -  June 6 (1971). The mean d i f f e r e n c e  b e tw een  th e  
mean d a te  o f the  m ig ra tio n  and th e  median date  was 5 .1 , w ith  a standard  
d ev ia tio n  o f 1 .94 (1969 -  1978,1981,1982,1983).
The c o e f f i c i e n t s  o f v a r ia t io n  (CV) fo r  the  d a i ly  p ro p o rtio n s , from 
a l l  years  o f reco rd , were i n i t i a l l y  la rg e , d ec lin in g  to  a minimum ab o u t 
th e  g rand  mean d a te  June  1 1 . Beyond th e  mean d a t e ,  th e  d a i l y  CV's 
tended to  in c r e a s e  to  tw ic e  th e  i n i t i a l  v a lu e  (T ab le  1 ) .  The tim e 
s e r i e s  o f  CV's fo r  th e  cum ulative p ro p o rtio n s  decayed to  th e  grand mean 
d a te , having a slope o f -3 .9 6 . Decrease in  the CV's were c o m p a ra tiv e ly  
sm all a f te r  th e  grand mean d a te .
The C V 's o f  d a i ly  p ro p o r t io n s  o f  th e  c e n so re d  y e a rs  w ere much 
sm aller a t  the  end o f the  tim e s e r ie s  than  th e  average o f  a l l  years
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F ig u re  6 .  A verage d a i ly  p ro p o r t io n s  o f  ca tch  fo r  years  1969 -  1978, 
1981, and 1982, Copper R iver d i s t r i c t  (212).
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(T ab le  1 , 2 ) .  The t im e  s e r i e s  o f  th e  C V 's f o r  t h e  c u m u la t iv e  
p ro p o r t io n s  o f  th e  c e n so re d  y ea rs  decreased ra p id ly  to  th e  grand mean 
d a te  (June 3 0 ), having a slope  o f  - 5 .0 .  The CV (12) a t  th e  g ran d  mean 
d a te  f o r  th e  censored average was le ss  than  one h a lf  th e  CV (29) a t  th e  
grand mean d a te  fo r  th e  average o f a l l  years  o f  reco rd .
The M ile s  Lake sonar s i t e  began o p e ra tio n  in  1978. Note, th a t  w ith  
th e  p o ss ib le  excep tio n  o f  1979 and 1980, th e  tim ing o f  escapem en t i s  a 
p ro d u c t o f  th e  f i s h e r y .  On th e  a v e ra g e , 90% o f th e  recorded salmon 
escaping commercial h a rv e s t occurred during a period  o f 62 days (May 17 
-  J u ly  17) in  th e  y ea rs  1978 -  1983. One h a lf  o f th e  sonar escapement 
occurred p r io r  to  June 13 (Table 4 ) .  On th e  a v e ra g e , l e s s  th a n  1% o f 
t h e  s o n a r  e s c a p e m e n t  o c c u r r e d  a f t e r  J u l y  3 1 .
Observing th e  average, th e  c e n t r a l  h a l f  o f  th e  p o p u la tio n  (25%- 
75%), passed th e  sonar s i t e  over a span o f 30 days. The curve fo r  d a ily  
averages o f cu m u la tiv e  p r o p o r t io n  o f so n a r escapem ent (1978 -  1983) 
shows a l i n e a r  in c r e a s e  o f  approxim ately  1.6% per day fo r  th e  c e n t r a l  
h a l f  o f  th e  p o p u la t io n  ( F ig .  7 ) .  The same c u rv e  e x h i b i t s  l a r g e r  
c o n f id e n c e  i n t e r v a l s  th a n  th o s e  o b se rv ed  f o r  th e  d a i ly  c u m u la tiv e  
p ro p o rtio n s  from the  censored average o f ca tch  (F ig s . 5 and 7 ) .
The a v e ra g e s  o f  d a i ly  p ro p o r t io n s  f o r  es tim a ted  escapement were 
h ig h ly  v a r i a b l e  o v e r  th e  d u r a t io n  o f th e  m ig r a t io n .  The s t a n d a r d  
d e v ia t io n  o f  th e s e  o b se rv a tio n s  revealed  th a t  a c tu a l  d a i ly  p ro p o rtio n s  
were extrem ely v a r ia b le  during th e  ea rly  p a r t  of th e  se a so n  (T a b le  4 ) .  
The d i s t r i b u t i o n  o f  d a i ly  av e ra g e  p ro p o r t io n s  fo r  so n a r  escapem ent
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Table 4 . C o e ff ic ie n ts  o f .v a r ia t io n  and standard  d ev ia tio n  (X100) o f the 
average d a ily  and cum ulative p roportions of sockeye escapement by date, 1978 
-1983. The number of observations (N) also  i s  shown.
Daily Standard Cum. Standard
517 2 .0050 98 .49 2 .0050 98 .49
518 4 .0053 137 .73 4 .0079 147 1.16
519 4 .0065 131 .85 4 .0144 140 2.02
520 4 .0125 84 1.06 4 .0270 98 2.65
521 4 .0311 131 4.09 4 .0582 91 5.31
522 4 .0163 94 1.54 4 .0746 90 6.76
523 5 .0101 56 .56 5 .0698 103 7.24
524 5 .0160 51 .83 5 .0860 91 7.90
525 5 .0181 58 1.06 5 .1041 84 8.82
526 6 .0161 69 1.12 6 .1030 95 9.84
527 6 .0156 62 .97 6 .1187 87 10.34
528 6 .0123 58 .72 6 .1311 82 10.85
529 6 .0122 79 .97 6 .1434 81 11.65
530 6 .0231 41 .96 6 .1666 73 12.18
531 6 .0284 30 .86 6 .1952 64 12.54
601 6 .0244 29 .71 6 .2197 56 12.47
602 6 .0253 39 .98 6 .2450 50 12.33
603 6 .0217 27 .60 6 .2668 45 12.25
604 6 .0229 33 .77 6 .2898 40 11.73
605 6 .0256 28 .73 6 .3155 35 11.23
606 6 .0245 15 .39 6 .3401 32 11.08
607 6 .0266 35 .93 6 .3668 30 11.31
608 6 .0275 44 1.22 6 .3945 29 11.72
609 6 .0244 28 .69 6 .4190 29 12.23
610 6 .0241 22 .53 6 .4432 27 12.13
611 6 .0219 46 1.01 6 .4651 24 11.30
612 6 .0188 62 1.18 6 .4841 21 10.39
613 6 .0174 47 .82 6 .5016 19 9.67
614 6 .0166 46 .77 6 .5183 17 9.12
615 6 .0199 39 .78 6 .5382 15 8.55
616 6 .0172 26 .45 6 .5555 14 8.30
617 6 .0178 35 .63 6 .5734 13 7.84
618 6 .0152 39 .59 6 .5887 12 7.40
619 6 .0129 56 .73 6 .6017 12 7.23
620 6 .0123 63 .77 6 .6141 11 6.96
621 6 .0122 51 .63 6 .6264 10 6.66
622 6 .0118 41 .48 6 .6383 10 6.39
623 6 .0132 51 .67 6 .6516 9 6.20
624 6 .0125 54 .68 6 .6642 9 5.98
625 6 .0127 38 .49 6 .6770 8 5.86
626 6 .0108 34 .37 6 .6878 8 5.99
627 6 .0104 50 .52 6 .6983 8 6.23
628 6 .0096 33 .32 6 .7079 8 6.22
629 6 .0104 35 .37 6 .7184 8 6.42
630 6 .0107 33 .35 6 .7292 9 6.64
701 6 .0105 29 .31 6 .7398 9 6.68
702 6 .0111 56 .62 6 .7510 9 6.83
703 6 .0117 55 .65 6 .7628 9 6.98













704 6 .0131 57 .75 6 .7760 9 7.24
705 6 .0115 40 .46 6 .7876 9 7.48
706 6 .0094 30 .28 6 .7971 9 7.67
707 6 .0084 31 .26 6 .8055 9 7.79
708 6 .0086 16 .13 6 .8142 9 7.79
709 6 .0087 28 .25 6 .8230 9 7.74
710 6 .0101 43 .44 6 .8332 9 7.70
711 6 .0106 53 .56 6 .8438 8 7.54
712 6 .0093 52 .49 6 .8532 8 7.37
713 6 .0069 52 .36 6 .8602 8 7.25
714 6 .0083 56 .47 6 .8686 8 7.13
715 6 .0084 47 .39 6 .8771 7 6.98
716 6 .0100 59 .59 6 .8871 7 6.89
717 6 .0082 60 .50 6 .8954 7 6.86
718 6 .0117 54 .63 6 .9073 7 6.40
719 6 .0147 83 1.23 6 .9221 5 5.31
720 6 .0137 88 1.21 6 .9359 4 4.29
721 6 .0113 80 .90 6 .9473 3 3.54
722 6 .0073 59 .43 6 .9546 3 3.14
723 6 .0058 62 .36 6 .9606 2 2.82
724 6 .0055 60 .33 6 .9662 2 2.55
725 6 .0043 66 .29 6 .9706 2 2.27
726 5 .0042 39 .16 6 .9741 2 2.08
727 5 .0035 60 .21 6 .9772 1 1.85
728 5 .0039 77 .30 6 .9805 1 1.59
729 5 .0034 87 .30 6 .9835 1 1.32
730 4 .0043 57 .24 6 .9864 1 1.07
731 4 .0036 59 .21 6 .9888 0 .88
801 4 .0039 34 .13 6 .9915 0 .69
802 4 .0033 32 .11 6 .9938 0 .52
803 4 .0027 41 .11 6 .9956 0 .38
804 4 .0028 52 .15 6 .9976 0 .30
805 3 .0018 45 .08 6 .9985 0 .20
806 3 .0018 59 .11 6 .9995 0 0
807 2 .0012 76 .09 6 .9999 0 0
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F ig u r e  7 .  A verage c u m u la t iv e  p r o p o r t io n s  o f  escapement and the 95%
confidence in te r v a l  for  years 1978 -  1983, Miles Lake sonar s i t e .
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appeared le s s  sym m etrical than  average p ro p o rtio n s  fo r  ca tch  (F ig . 6 and 
8 ) .  D a i ly  v a r i a n c e s  o f  th e  c u m u la tiv e  p ro p o r t io n s  f o r  e s t im a te d  
escapement f lu c tu a te d , peaking a t  th e  .2 2  cu m u la tiv e  p r o p o r t io n .  The 
value o f  the coded s tan d ard  d e v ia tio n s  fo r  the  cum ulative p ro p o rtio n s  
were s i g n i f i c a n t l y  s m a l le r  th e n  th o s e  f o r  th e  a v e ra g e  and c e n so re d  
average o f ca tch , over th e  course o f the season (Table 1 ,2 ,4 ) .
Using estim ated  escapement d a ta , th e  mean d a te s  o f  m ig ra t io n  have 
v a r ie d  betw een June 9 (1982) and June 23 (1980) during 1978 -  1983, and 
th e  range o f  median d a te s  was June 4 (1982) -  June 19 (1980) (T ab le  5 ) .  
The mean d i f f e r e n c e  be tw een  th e  mean d a te  o f  th e  m ig ra t io n  and the  
median d a te  was 4 .4 ,  w ith  a standard  d e v ia tio n  o f 1.52 fo r  y e a rs  1978 -  
1983.
The C V 's f o r  t h e  d a i l y  p ro p o r t io n s  o f  so n a r escapem ent w ere 
i n i t i a l l y  la rg e , d e c lin in g  to  a minimum about the grand mean d a te  (Ju n e  
1 7 ) .  Beyond th e  g ran d  mean d a t e ,  th e  d a i ly  CV's tended to  in c re a se  
(Table 4 ) .  The tim e  s e r i e s  o f  CV's f o r  th e  cu m u la tiv e  p r o p o r t io n s  
decayed to  th e  grand mean d a te ,  having a slope o f -4 .3 2 . CV (13) o f  the  
cum ulative p ro p o rtio n  f o r  sonar escapem ent a t  th e  g rand  mean d a te  was 
a p p ro x im a te ly  e q u a l to  th e  CV (12) a t  th e  grand mean fo r  th e  censored 
average of c a tc h .
A ssum ing  th e  m eans o f  th e  m ig ra t io n s  d e r iv e d  from  c a tc h  a re  
norm ally d is tr ib u te d ,  N (30.1 , 2 1 .5 ) , i t  can be in fe rre d  th a t  95% o f th e  
m ig ra tio n s  have means w ith in  th e  in te rv a l  June 5 -  June 11. I t  should 
be  n o ted  t h a t  th e  means o f  th e  m ig ra t io n s  d e r iv e d  fro m  CPUE w ere
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F ig u r e  8 .  A verage d a i l y  p r o p o r t io n s  o f  escapem ent for  years 1978 -
1983, M iles Lake sonar s i t e .
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Table 5. The coded d a tes  f o r  mean, median, and v a ria n ce  of sockeye salmon 
migration based on recorded escapement from the Miles Lake sonar s i te .
Year Mean Date
Coded Date
Mean Median Variance Skewness Kurtosis
1978 June 18 40 38 164.1 -.0935 -0.8775
1979 June 20 42 37 379.9 .2277 -1.1734
1980 June 23 45+ 41 315.2 .2731 -0.9020
1981 June 18 40 31 530.1 .3719 -1.2145
1982 June 09 31- 26 327.1 .6699 -0.6029
1983 June 19 41 35 373.8 .5035 -0.8222
X = 39.8: (SD = 4.7)
-  Observation less than lower bound of 95% C .I. on X 
+ Observation greater than upper bound of 95% C .I. on X
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n o rm ally  d i s t r i b u t e d ,  N (4 4 .2 ,1 6 .8 )  (A pppendix A ). The g ran d  mean 
c a lc u la te d  from CPUE d if f e re d  by 14 days from th e  grand mean c a lc u la te d  
from c a tc h .  The d i s t r i b u t i o n  o f  av e ra g e  d a i ly  p ro p o r t io n s  o f  CPUE 
d if fe re d  considerab ly  from th e  d is t r ib u t io n  o f average d a ily  p ro p o rtio n s  
o f c a tc h  (A ppendix A ). A lso  assum ing th e  means o f  th e  m i g r a t i o n s  
d e r iv e d  from  so n ar escapement a re  norm ally d is t r ib u te d ,  N (39.8, 2 1 .6 ) , 
i t  can be in fe r re d  th a t  95% o f th e  m ig ra tio n s  have means w i th in  th e  
in te rv a l  June 13 -  June 22.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
51
4 .2  Lag tim e e s tim a tio n  and t o t a l  p o p u la tio n  re c o n s tru c tio n
The c o r r e l a t i o n  m ethod f o r  d e te rm in in g  th e  average seasonal lag 
tim e betw een  th e  com m ercial f i s h in g  a r e a  and  th e  s o n a r  s i t e  w as 
s u c c e s s f u l  f o r  4 o u t o f  th e  6 years  (1980 -  1983). The f i r s t  year o f 
o p e ra tio n  fo r  the  sonar s i t e  (1 9 7 8 ) began  l a t e  in  th e  se a so n  and was 
a lso  in  th e  experim ental s ta g e . Note th a t  1979 and 1980 were years  when 
th e  f i s h e r y  was c lo se d  f o r  a m a jo r  p o r t i o n  o f  th e  s e a s o n .  The 
c o r r e l a t i o n  a n a ly s i s  f o r  1978 -  1979 y ie ld e d  th e  h ig h e s t n eg a tiv e  r  
value  fo r  an unreasonable lag  tim e of zero  days (Table 6 ) .
The c o r r e l a t i o n  a n a ly s i s  fo r  th e  y e a rs  1980 -  1982 produced the 
h ig h e s t n eg a tiv e  r  va lue  fo r  a lag  o f  3 days (Table 6 ) . Using th e  tim e 
s e r i e s  o f  th e  c a tc h  and escapem en t d a ta  f o r  1981, an example o f the  
n e g a t i v e  r e l a t i o n  b e tw e e n  th e  tw o c a t e g o r i e s  was g r a p h i c a l l y  
d em o n stra ted  (F ig s . 9a, 9 b ). A lag  tim e o f 4 days produced th e  h ig h e s t 
n eg a tiv e  r  v a lue  (-.1166 ) fo r  th e  year 1983. The av erag e  lag  tim e f o r  
the years  1980 -  1983 was 3.25 days.
The a v e ra g e  d i s ta n c e  from  th e  com m ercial f ish in g  grounds to  th e  
sonar escapement enum eration s i t e  i s  approxim ately  61 km. The a v e ra g e  
r a t e  o f  m ig ra t io n  f o r  1980 -  1982 was 2 0 .4  km day- * and fo r  th e  1983 
seaso n  i t  was 15.3  km day- * . The mean o f th e  average m ig ra tio n  r a te s  
f o r  the years 1980 -1983 c a lc u la te d  from th e  c o r re la t io n  method was 18.7 
km day-1.
The la g  tim es  d e r iv e d  by m inim izing the v a rian ce  o f c a tc h a b i l i ty
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Table 6 . Pearson product moment c o r r e l a t i o n s  o f  th e  p a i r e d  d a ta  s e t s  
fo r  th e  com m ercial sockeye c a tc h  from th e  Copper R iver d i s t r i c t  (212) 
and th e  M iles Lake sonar escapement enum eration s i t e ,  years 1978 -  1983. 
The number o f  days o f f s e t  i s  equal to  th e  number o f  days escapement i s  
lagged back in to  the  commercial f ish in g  d i s t r i c t .
Pearson r Value
Year 1978 1979 1980 1981 1982 1983
Day
O ffse t
0 -.22749 -.28123 .28102 .35477 .65773 .05441
1 .06661 .14343 .11565 .14751 .26349 .37866
2 .07578 .37288 -.07754 -.08441 -.00960 .23326
3 .14125 .03161 -.17549 -.20755 -.02301 -.03474
4 .15559 -.03563 -.08130 -.08324 .07074 -.11659
5 .06358 .22166 .07519 .29559 .28852 -.02728
6 .14257 .20797 .38942 .49838 .12093 .01457
7 .14827 -.03577 .36254 .51416 -.00893 .28195
8 .23364 .09868 .15455 .31602 .09192 .51480
9 .10376 .24641 .07509 -.00537 .16954 .26740
10 -.06725 .39068 .11124 -.15448 .09305 -.05031
11 -.01485 .58814 .01507 -.04228 .06233 -.08378
12 .33349 .51776 .18670 .25784 .12554 .08794
na 29 33 32 42 36 43
(a) n denotes number o f d a ta  p a i r s
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F igu re  9 . The top graph (a ) i s  th e  tim e s e r ie s  o f ca tch  (o) compared to  
th e  tim e s e r ie s  o f  escapement (+) lagged  ze ro  days f o r  th e  y e a r  1981. 
The bo ttom  g rap h  (b ) i s  th e  tim e  s e r i e s  o f  ca tch  (o) compared to  th e  
tim e s e r ie s  o f escapement (+) lagged 3 days fo r  the  year 1981.
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were c o n s is ta n tly  l a r g e r  f o r  a l l  y e a r s .  The m in im iz a tio n  te c h n iq u e  
c a l c u la te d  a lag  tim e 3 days g re a te r  than th e  c o r re la t io n  techn ique fo r  
1983 (Table 6 , 7 ) .  The lag tim es c a lc u la te d  by m inimizing th e  v a r ia n c e  
o f  c a t c h a b i l i t y  w ere 1 day la rg e r  fo r  1981 and 2 days la rg e r  fo r  1982. 
Note th a t  the  c o e f f ic ie n ts  o f  v a r ia t io n  fo r  1982 d i f f e r e d  by l e s s  th a n  
1.1 % fo r  th e  lag  tim es from 3 to  5 days (Table 7 ) .  The c o e f f ic ie n ts  o f 
v a r i a t i o n  f o r  1983 re a c h e d  a minimum a t  a 5 day la g  th e n  b e g a n  to  
inc rease  and then  d ec lin ed  to  a second minimum a t  a 7 day lag  (Table 7 ) .
The mean f o r  th e  a v e ra g e  r a t e s  o f  m i g r a t i o n  c a l c u l a t e d  fro m  
m in im iz in g  th e  v a r ia n c e  o f  c a t c h a b i l i t y  was 12.4 km day- * fo r  1978 -  
1983. On th e  average, the  c o r re la t io n  method fo r  c a l c u l a t i n g  la g  tim e  
y ie lded  a average m ig ra tio n  r a te  which was 4 .2  km day- * f a s t e r .
A fte r the lag tim es w ere e s t im a te d ,  th e  tim e  s e r i e s  o f  d a ta  f o r  
so n a r escapem ent was s h if te d  back in to  th e  tim e s e r ie s  o f  ca tch  to  g ive  
the  tim e s e r ie s  o f  estim ated  abundance (reco n stru c ted  to t a l  p o p u la t io n )  
(Appendix B ).
U sin g  th e  e s t im a te d  t o t a l  p o p u la t io n  d a ta ,  th e  mean d a te s  o f  
m ig ra tion  have v a r ie d  betw een  May 31 (1978 , 1981) and Ju n e  6 (1980) 
d u rin g  th e  y e a rs  1978 through 1983 (Table 8 ) .  The range lim its  o f  the 
mean d a te s  c a lc u la te d  from ca tch  fo r  the  f i r s t  f i f t y  coded d ay s  o f  th e  
m i g r a t i o n  (May 10 = day  1) w ere May 26 (1979) to  June  5 (1 9 8 3 ) . 
Assuming th a t  th e  means o f the  m ig rations c a lc u la te d  from th e  e s t im a te s  
of t o t a l  popu la tion  were norm ally d is t r ib u te d ,  N (2 3 .9 , 4 .5 7 ) , i t  can be 
in fe rre d  th a t  95% o f th e  m ig ra tions have means w ith in  th e  i n t e r v a l  May
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Table 7 . The average seasonal c a tc h a b i l i ty  c o e f f ic ie n t  (q) th e  standard  
d e v ia tio n , and c o e f f ic ie n t  o f  v a r ia t io n  (CV) c a lc u la te d  from v a rio u s  lag 
t im e s .  The r a t e s  o f  m ig ra t io n  c a l c u la te d  from  th e  la g  t im e s  t h a t  
produced the  low est CV.
Year
Lag time 




r a te  o f 
m ig ra tion  
km dav-1
1978 2 13 .01583 .01108 69.96
3 16 .01607 .01195; 74.40
4 14 .01492 .00993 69.96 4 15.5
5 14 .01415 .01019 72.01
6 14 .01637 .01396 85.30
7 14 .01616 .01490 92.24
1979 2 6 .00561 .00305 54.46
3 6 .00582 .00248 42.75
4 6 .00613 .00156 25.48 4 15.5
5 6 .00581 .00202 34.86
6 6 .00552 .00201 36.34
7 6 .00547 .00225 41.11
1980 2 6 .00869 .01746 200.96
3 6 .00378 .00528 139.67 3 20.4
4 6 .00231 .00337 146.40
5 6 .00234 .00403 171.74
6 6 .00163 .00287 176.47
7 6 .00271 .00192 151.05
1981 2 17 .01758 .01879 106.89
3 17 .01801 .01720 95.47
4 17 .01717 .01524 88.74 4 15.5
5 17 .01665 .02367 104.22
6 17 .01573 .01657 105.35
7 17 .01598 .01679 105.06
1982 2 33 .03068 .03744 122.10
3 33 .02515 .02605 82.10
4 33 .02544 .02085 81.90
5 33 .02711 .02210 81.50 5 12.2
6 33 .02729 .02277 83.40
7 33 .02705 .02303 85.10
1983 2 17 .02844 .03156 110.90
3 17 .02858 .03035 106.20
4 17 .03169 .03354 105.80
5 17 .03106 .03209 103.30
6 18 .02993 .03238 107.90
7 18 .02770 .02827 102.10 7 8.7
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T ab le  8 . The coded m eans, and v a r ia n c e s  o f  a d u l t  s o c k e y e  sa lm o n  
m ig ra tion  based on th e  re c o n s tru c te d  t o t a l  popu la tio n , commercial c a tc h , 
and sonar escapem ent f o r  th e  f i r s t  50 coded days from  Copper R iv e r  
d i s t r i c t  (212).
Coded Bate
Year Mean d a te 'Mean Variance Skewness K urtosis





































X fo r  the  coded mean d a te  = 
Xb fo r  th e  coded mean d a te  :
2 4 .5 : (.SD = 








































X fo r coded mean d a te  = 22.: 
Xb fo r  coded mean d a te  = 23
3: (SD = 3 .18) 































X fo r 
Xb fo r
coded mean d a te  = 2 b .jy :  (SD = 3 .11) 
coded mean d a te  = 2 5 .8 5 : (SD = 3 .78)
a -  Years lag tim e c a lc u la te d  by m inim izing v a ria n ce  of q. 
b -  Years f is h e ry  was c lo sed  fo r  a s u b s ta n tia l  p o r tio n  o f  th e  season .
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29 -  June 5 . Also assuming th e  means o f the  m ig ra tions c a lc u la te d  from  
c a t c h  o f  th e  f i r s t  f i f t y  coded days o f  th e  m ig ra t io n  a re  n o rm a lly  
d i s t r i b u t e d ,  N ( 2 3 .2 ,  8 . 0 ) ,  i t  c a n  b e  i n f e r r e d  t h a t  95% o f  t h e  
m ig ra tions have means w ith in  th e  in te rv a l  May 27 -  June 5 .
The a v e ra g e  s e a s o n a l  r a t e s  o f  e x p l o i t a t i o n  f o r  th e  com m ercia l 
sockeye f i s h e r y ,  c a l c u l a t e d  from  th e  r e g r e s s io n  m odel, ran g ed  from 
0.0198 (1980) to  0.862 (1978). The c o e f f i c i e n t s  o f d e te rm in a t io n  f o r  
th e  r e g r e s s io n  a n a ly s i s  were a l l  above 0.95 w ith  the  excep tion  o f  1980 
which was 0.124 (T a b le  9 ) .  The mean v a lu e  f o r  th e  a v e ra g e  s e a s o n a l  
r a t e s  o f  e x p l o i t a t i o n  (1978 -  1983) was 0.7011, bu t the  mean fo r  th e  
censored years  (1978, 1981 -  1983) was 0.8587.
A fte r re c o n s tru c tin g  the  tim e d is t r ib u t io n  o f  to t a l  p o p u la tio n , fo r  
th e  years 1978 -  1983, i t  was observed th a t  th e  v a lu e  o f  c a t c h a b i l i t y  
(q) was r e la te d  to  th e  e f f o r t  (number o f  b o a ts )  (F ig . 9 ) . The number o f  
b o a ts  was ad ju s te d  by the  p ro p o rtio n  o f the day th e  f is h e ry  was o p en ed . 
The r e l a t i o n  between th e  value  o f q and the  e f f o r t  was streng thened  by 
ad ju s tin g  th e  number o f boats  (F ig . 10, 11). No a p p a re n t r e l a t i o n  was 
observed between q and th e  coded day of the season (F ig . 12).
The r e s u l t s  o f  a fo rw ard  s te p w ise  r e g r e s s io n  a n a l y s i s  o f  th e  
dep en d en t v a r i a b l e  q on th e  independent v a r ia b le s  e f f o r t  (s tan d ard ized  
number o f  b o a ts ) ,  coded day o f the  season , and c a tch , fo r  th e  years  1981 
-  1983, d id  no t show a s ig n if ic a n t  improvement over th e  s in g le  v a r ia b le  
re g re ss io n  model o f e f f o r t  (Table 10). The a d d itio n  of th e  in d e p e n d e n t 
v a r i a b l e s ,  (c o d e d  day and c a t c h ) ,  in c re a s e d  th e  c o e f f i c i e n t s  o f
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Table 9 . Average seasonal r a te s  o f e x p lo ita t io n  d e r iv e d  by r e g r e s s io n  
model w hich was forced  through the  o r ig in .  The independent v a r ia b le  i s  
to t a l  popu la tion  and th e  dependent v a r ia b le  i s  c a tc h .
Y ear
Rates of 
e x p l o i t a t i o n r2
Upper 952......... .
n C .I .
" Lower- 95%”" 
C .I .
1978 .8260 .9971 14 .9297 .7942
1979 .7970 .9714 6 .9319 .6621
1980 .0198 .1240 6 .0527 .0000
1981 .8609 .9759 17 .9145 .8073
1982 .8611 .9533 33 .9217 .8005
1983 .8059 .9902 17 .8450 .7667
1981-83 .8505 .9624 67 .8839 .8170
A = mean o r  r a c e s  o r  e x p i o i c a r i o n  r o r  u / -  . / v n ;
X = mean o f  r a t e s  o f  e x p l o i t a t i o n  f o r  1 9 7 8 , 1981-83 = .8 587 ; 
(SD=.0052)
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F ig u re  10 . The r e l a t i o n  o f c a tc h a b i l i ty  c o e f f ic ie n ts  (c a lc u la te d  from 
th e  reco n stru c ted  m ig ra tio n s  1981 -  1983) , to  th e  d a ily  e f f o r t  measured 
in  number o f b o a ts .
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F ig u re  11 . The r e l a t i o n  o f c a tc h a b i l i ty  c o e f f ic ie n ts  (c a lc u la te d  from 
th e  reco n stru c ted  m igrations 1981 — 1983), to  th e  d a i ly  e f f o r t  m easured  
in  number o f boa ts  s tan d ard ized  by the  p ro p o rtio n  o f  th e  day the f is h e ry  
i s  open.
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F ig u re  1 2 . The r e l a t i o n  o f  c a tc h a b i l i ty  c o e f f ic ie n ts  (c a lc u la te d  from 
th e  r e c o n s t r u c te d  m ig ra t io n s  1981 -  1 9 8 3 ), to  th e  coded day o f  th e  
season .
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T ab le  10. L in e a r  r e g r e s s io n  o f  c a t c h a b i l i t y  w here e f f o r t  w as th e  
a d ju s ted  number o f b o a ts .
Years E ffo r t Coded Dav Catch
1981 -  1983
r*- „ .4793 .5017 .5243
CHANGE IN r 2 .4792 .0025 .0226
r 2 th e  c o e f f ic ie n ts  o f de te rm in a tio n
p < .005 fo r  a l l  t e s t s
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
63
determ ina tion  ( r^ )  by 0.022 each.
I t  was o b s e r v e d  t h a t  th e  f i t  o f  th e  n o n - l in e a r  m odel was an 
improvement over th e  l i n e a r  m odel (F ig .  13, 1 4 ) .  Of th e  n o n - l in e a r  
models te s te d ,  fo r  th e  years  1981 -1983, the  power law model y ie ld ed  the 
la rg e s t r^  value o f 0.7485 (Table 11).
The r e s u l t s  o f  th e  r e g r e s s io n  a n a ly s i s  o f  q on e f f o r t  f o r  th e  
in d iv id u a l  y e a rs  1981 and 1983 a g a in  showed th e  power law  m odel to  
p r o v id e d  th e  b e s t  f i t  ( T a b le  11 ) ( F i g .  1 5 , 1 6 ) .  F o r 1982 th e  
e x p o n e n t ia l  model p ro v id e d  th e  b e s t  f i t ,  w i th  a c o e f f i c i e n t  o f  
de term ina tion  o f 0 .7629.
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F i g u r e  1 3 .  The l i n e a r  r e g r e s s i o n  o f  c a t c h a b i l i t y  on d a i l y  e f f o r t
(measured by standardized number o f  b o a t s ) ,  1981 -  1983.
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F ig u r e  1 4 .  The r e g re ss io n  o f  c a t c h a b i l i t y  on d a i ly  e f f o r t  (measured by
standardized number o f  b o a ts )  using the l in e a r iz e d  power law model, 1981
-  1983.
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Table 11. L inear and c u rv e - l in e a r  re g re s s io n  a n a ly s is  o f c a t c h a b i l i t y  






Year A+(BX) A*EXP(B*X) A+B*L0G(X)
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F ig u re  15 . The re g re s s io n  o f c a tc h a b i l i ty  on d a i ly  e f fo r t  (measured by 
th e  s tandard ized  number o f b o a ts )  using  the l in e a r iz e d  power law m odel, 
1981.
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F ig u r e  16 . The r e g re ss io n  o f  c a tc h a b i l i t y  on d a i ly  e f f o r t  (measured by
standardized number o f  b o a t s )  u s in g  th e  l i n e a r i z e d  power law m od el,
1983.
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4 .3  S im ulation r e s u l t s  
B aseline Model R esu lts
The means c a l c u la te d  from  th e  o b se rv ed  c a tc h  and th e  b a s e l in e  
sim ulated  ca tch  d if fe re d  by 7 days and escapement means d i f f e r e d  by 11 
days f o r  1978 (T a b le  8 , 1 2 ) .  The v a r ia n c e s  f o r  th e  same c a te g o rie s  
d if fe re d  by 36 and 64 days re s p e c t iv e ly .  The b a s e l in e  s im u la t io n  f o r  
1979 a ls o  r e v e a le d  la rg e  d i f f e r e n c e s  betw een  observed  and sim ulated  
d e s c r ip tiv e  s t a t i s t i c s  (Table 8 , 1 2 ). The were no d iffe re n c e s  o b se rv e d  
between d e s c r ip t iv e  s t a t i s t i c s  c a lc u la te d  fo r  th e  observed and sim ulated  
d a ta  fo r  1980.
The y e a rs  1978 and 1979 w ere no t used in  any fu r th e r  s im u la tions 
b eca u se  o f po o r r e s u l t s .  The 1980 d a ta  was n o t c o n s id e r e d  to  be  
r e p r e s e n t a t i v e  o f  th e  m ig ra t io n  b eca u se  o f  ex ten d ed  c lo s u re  o f  th e  
f ish in g  season.
The fo u r  d e s c r ip t i v e  s t a t i s t i c s  c a lc u la te d  from the observed and 
b a se lin e  sim ulated  c a tc h  w ere i d e n t i c a l  f o r  th e  y e a rs  1981 and 1982 
(T ab le  8 , 1 2 ) .  The MA.%E between th e  observed and sim ulated  c a tch  was 
le s s  than  1 percen t fo r  1981 and 1982. The means o f escapement d if fe re d  
by l e s s  th an  0 .2  days fo r  1981 and 1982. The v a rian ces  o f observed and 
b a se lin e  sim ulated  escapement fo r  1981 and 1982 d if fe re d  by a few days
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Table 12. Coded d e s c r ip t iv e  s t a t i s t i c s  fo r  b a s e lin e  s im u la t io n s  y e a rs  
1978 -  1983.
Category Mean V ariance Skewness K u rto sis
1978
A 22.74 123.41 0.4621 -0.7329
C 27.19 79.14 1.0631 -0.6695




A 23.12 50.22 0.8910 -0.2929
C 17.91 3.16 0.0364 -0.5153




A 28.46 50.38 -0.2847 -0.5279
C 23.81 40.27 -0 .9214 0.2197




A 22.51 120.01 0.5068 -0.5606
C 21.89 120.59 0.6132 -0.6511




A 23.51 116.10 0.5689 -0.7350
C 23.94 106.08 0.5207 -0.8840




A 26.59 133.07 0.3674 -0.7774
C 28.32 133.04 0.4213 -1.0382
CPUE 26.79 103.91 -0 .8372 -0.2156
E 25.69 113.13 0.1907 -0.7231
A -  A rr iv a l o f salmon in to  th e  h a rv e s t a rea
C -  Commercial ca tch
CPUE -  Commercial ca tch  per boat hour
E -  Escapement from commercial h a rv e s t a rea
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(Table 8 , 12 ). The MA%E f o r  observed and b a se lin e  s im u la te d  escapem en t 
was le s s  than  0 .5  percen t fo r  1981 and 1982 (Table 13).
The d e s c r ip t iv e  s t a t i s t i c s  c a lc u la te d  from th e  b a se lin e  s im u la t io n  
o f ca tch  fo r  1983 d if f e re d  n o tic e a b ly  from th e  observed values (Table 8 , 
12). D esc rip tiv e  s t a t i s t i c s  c a lc u la te d  from  o b se rv ed  and s im u la te d  
escapem ent a lso  d isp lay ed  d i s t i n c t  d iffe re n c e s  (Table 8 , 12 ). The MA%E 
c a lc u la te d  between observed and sim ulated v a lu es  o f c a tch  and escapement 
were in  th e  30 percen t range (Table 13).
The s im u la t io n s  in c o r p o r a t in g  a r e g r e s s io n  m odel f o r  q , o f  an 
in d iv id u a l  y e a r ,  produced an in c re a se  in  MA%E fo r  ca tch  ranging  from 0 
to  20 p e rce n t over the b a s e lin e  MA%E (Table 13 ). The in c r e a s e  in  MA%E 
f o r  escapem ent o v e r  th e  b a s e l in e  v a lu e s , fo r  th e  p rev io u s ly  mentioned 
re g re ss io n  m odels, ranged from 3 to  20%.
The s im u la tio n s  u sing  the  re g re s s io n  model fo r  q, derived  from 1981 
-  1983 d a ta ,  d isp layed  an in c re a se  in  MA.%E fo r  ca tch  which ranged from 0 
to  30 p e rc e n t (Table 1 3 ). The in c re ase  in  MA.%E fo r  escapement over the  
b a se lin e  s im u la tio n s  fo r  th e  same re g re ss io n  model ran g ed  from  3 to  25 
percen t (Table 1 3 ).
The e f f e c t s  o f  vary ing  the  c a tc h a b i l i ty  over tim e were examined by 
comparing th e  s im u la tions w hich u se  an av e ra g e  v a lu e  o f  q w ith  th o s e  
s im u la tio n s  em ploying th e  b a s e l in e  and re g re s s io n  models. The means 
c a lc u la te d  fo r  ca tch  showed no d iffe re n c e s  between average and v a r i a b l e  
q s im u la t io n s  (T ab le  1 4 ) .  T here was a r e d u c t io n  in  th e  v a r ia n c e s
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Table 13. The MA%E fo r  the  tim e s e r ie s  o f observed and s im u la ted  c a tc h  






















a -  The q u sed  in  th e s e  s im u la tio n s  were c a lc u la te d  by the  re g re s s io n  
model th a t b e s t  f i t  each y e a r .
b -  The q u sed  in  th e s e  s im u la tio n s  were c a lc u la te d  by the re g re s s io n  
model th a t b e s t  f i t  the years 1981 -1983. 
c -  q was an average value
d -  q was an average w eighted by number o f boats  on an in te rv a l
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Table 14. Coded d e s c r ip t iv e  s t a t i s t i c s  f o r  s im ula tions  using re g re s s io n  
models fo r  es tim ating  q and s im ula tions  using  average values o f  q.
Category Mean Variance Skewness K urtosis
1981
T 22.51 120.01 0.5068
C 22.11 117.18 0.5422 -0.6800
CPUE 27.97 146.79 0.0951 -1.0816
E 23.78 118.32 0.4374 -0.4652
1982
A '23". 5 1 " " " “ 1IV.IU ' " 075689 ■■ -077330
C 24.00 106.19 0.5235 -0.8472
CPUE 23.89 163.60 0.4393 -1.0384
E 22.88 132.78 0.7251 -0.5202
1983
A -25759” “ 133.U7 U.36/4 - 0 . / / / 4  ' ..........
C 26.80 148.48 0.3523 -0.9032
CPUE 35.67 121.63 -0.8870 -0.0231
E 27.91 94.11 0.2987 -0.6591
qt>
1981
A 22.52 120.01 0.5068 -0.5606
C 21.89 114.42 0.5515 -0.6586
CPUE 27.43 149.49 0.1246 -1.1096
E 24.05 121.08 0.4229 -0.4971
1982
A 23.51 l i b  .10 0.3689 ' ' -077330
C 23.69 105.16 0.5460 -0.8080
CPUE 22.46 175.72 0.5634 -1.0005
E 23.64 138.02 0.6251 -0.7127
1983
A 26.59 133.07 0.36 /4 -0.7774
C 26.20 145.48 0.4026 -0.8214
CPUE 34.69 136.49 -0.7271 -0.4684
E 28.53 99.41 0.2477 -0.7695




































































































































model th a t  b e s t  f i t  each y e a r .
b -  The q used  in  t h e s e  s im u la t io n s  were c a lc u la te d  by the re g re s s io n
model th a t  b e s t  f i t  th e  years  1981 -1983.
c -  q was an average value
d -  q was an average weighted by number o f  boats  on an in t e r v a l
A -  A rr iv a l  o f  salmon in to  th e  h arves t a rea
C -  Commercial ca tch
CPUE -  Commercial ca tch  per boat hour
E -  Escapement from commercial h a rv es t  a rea
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
75
c a lc u la te d  from catch  sim ulated  using an average value  o f  q f o r  1981 and 
1982 (Table 14).
The m eans f o r  e s c a p e m e n t  d id  n o t  d i f f e r  betw een a v e ra g e  and 
v a r i a b l e  q s i m u l a t i o n s .  The v a r i a n c e s  c a l c u l a t e d  f o r  s i m u l a t e d  
escap em en t,  u s in g  an a v e ra g e  v a l u e ,  o f  q d i s p la y e d  an in c re a se  over 
s im ula tions  using  v a r ia b le  q (Table 14).
The MA%E f o r  ca tch  c a lc u la te d  by average q doubled over th e  va lues  
c a lc u la te d  using  a v a r ia b le  q fo r  1981 and 1982 (T ab le  1 3 ) .  The MA%E 
f o r  escapement c a lc u la te d  fo r  average q increased  10 to  35 pe rcen t  over 
escapement c a lc u la te d  by v a r ia b le  q (Table 13).
The means c a l c u l a t e d  f o r  CPDE d i f f e r e d  by 3 to  10 days from the  
means c a lc u la te d  f o r  th e  a r r i v a l  o f  sockeye (1981 -  1983) (T a b le  1 2 ) .  
The means c a l c u l a t e d  f o r  th e  CPUE from  s im u la t i o n s  using an average 
va lue  o f  q only d i f f e r e d  between the  two c a te g o r ie s  by 1 to 3 days.
Normal Approximation fo r  th e  Entry  D is t r ib u t io n  o f  Salmon
These s im u l a t i o n s  d i s p l a y e d  an i n c r e a s e  o f  3 days fo r  the  mean 
ca lcu la ted  from ca tch  over th e  observed values (Table 8, 15). The 
v a r i a n c e s  c a l c u l a t e d  from  s im u la te d  c a t c h  d isp layed  a decrease  o f  28 
days from observed v a l u e s .  The means and v a r i a n c e s  c a l c u l a t e d  from 
escap em en t,  f o r  th e  same s im ula tions  , d id  not app rec iab ly  d i f f e r  from 
observed d a ta .
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Table 15. Coded d e s c r ip t iv e  s t a t i s t i c s  from th e  b a s e l i n e  s im u l a t i o n  
u s in g  a no rm al a p p ro x im a t io n  f o r  the  d i s t r i b u t io n  o f  a r r iv in g  salmon. 
The MA%E of observed and sim ulated  d a ta .
Category MA.%E Mean Variance Skewness K urtos is
1981
A 22.30 99.46 0.3136 -0.3612
C 47.87 24.79 91.62 0.1789 -0.6963
CPUE 28.87 89.56 0.1438 -0.5221
E 81.67 22.17 102.45 0.1070 -0.4677
1982
A 23.23 98.57 0.2418 -0.3809
C 95.45 26.27 79.58 0.1072 -0.7397
CPUE 28.20 91.27 -0.2198 -0.4209
E 104.45 21.42 117.38 0.2383 -0.3339
A -  A rr iv a l  of salmon in to  th e  h a rv es t  a rea
C -  Commercial ca tch
CPUE -  Commercial ca tch  per  boat hour
E -  Escapement from commercial h a rv e s t  area
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The means ca lcu la ted  from ca tch  fo r  s im ulations  using v a r i a b l e  and 
a v e r a g e  q d i d  n o t  a p p r e c i a b l y  d i f f e r  from  th e  s im u la t io n s  u s in g  
em pirica l va lues  o f  q (Tables 15 and 16). The var iances  ca lc u la te d  from 
c a t c h  f o r  s im u la t i o n s  u s in g  a v e ra g e  v a lu e s  f o r  q decreased  from the  
s im ulations  using em pir ica l values  o f  q.
The means c a lc u la te d  from escapement fo r  s im ulations o f  average and 
v a r ia b le  q d isp la y e d  no d i f f e r e n c e s .  The v a r i a n c e s  c a l c u l a t e d  from 
escapem ent f o r  s im u l a t i o n s  u s in g  a v e ra g e  v a lu e s  o f  q increased  from 
s im ula tions  using em pirica l values  o f  q (Table 15, 16).
The means fo r  CPUE d i f f e r e d  from th e  means of a r r i v a l  of salmon by 
approximately 6 days. The means c a lc u la te d  fo r  CPUE, sim ulated by using 
an a v e ra g e  value o f  q, reduced the d if f e re n c e  from the  mean o f  a r r iv in g  
salmon (Table 16).
The r e g r e s s i o n  a n a l y s i s  o f  th e  number o f  boats  on th e  number o f  
hours  in  a f is h in g  period  and the coded date  o f  the m ig ra tion  had an r^  
value o f  0.4526, and which was s ig n i f i c a n t  a t  the 0.005 le v e l .
Empirical D is t r ib u t io n  Used fo r  Entry D is t r ib u t io n  o f  Salmon
The management scenar io  Ml, which opens one 48 hour period  a week, 
only harvested  14 percen t of the  p o p u la t io n  f o r  1981. The s im u l a t i o n  
f o r  1 9 8 2 ,  Ml h a r v e s t e d  31 p e r c e n t  o f  th e  t o t a l  p o p u l a t i o n .  The 
d e s c r ip t iv e  s t a t i s t i c s  c a lc u la te d  fo r  sim ulated escapement app rox im ated  
th o s e  o f  th e  a r r i v a l  o f  salmon f o r  1981 and 1982 (T ab le  1 7 ) .  The
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Table 16. Coded d e s c r i p t i v e  s t a t i s t i c s  from s im u l a t i o n s  u s in g  th e  
n o rm a l  a p p ro x im a tio n  f o r  t h e  a r r i v i n g  d i s t r i b u t i o n  o f  sa lm on. An 
average value  and a re g re s s io n  model a re  used to  es tim ate  q.
Category Mean Variance Skewness K urtos is
9(a)
1981
A 22.30 99.47 0.3139 -0.3611
C 24.98 85.23 0.1220 -0.5564
CPUE 28.02 73.41 0.3800 -0.0460
E 22.06 104.04 0.1478 -0.4952
1982
A 23.23 98.57 0.2418 -0.3809
C 25.94 78.32 0.1632 -0.6322
CPUE 25.84 104.25 0.0173 -0.6205
E 21.74 110.25 0.1991 -0.4762
q(b)
1981
A 22.30 99.47 0.3139 -0.3611
C 24.53 81.29 0.0903 -0.6660
CPUE 26.93 90.24 0.1062 -0.4621
E 22.38 106.09 0.1467 -0.4842
1982
A 23.23 98.57 0.2418 -0.3809
C 25.47 74.63 0.1981 -0.7243
CPUE 25.95 95.71 0.0435 -0.4621
E 22.38 111.89 0.1459 -0.5153
A -  A rr iv a l  of salmon in to  the  h a rv es t  area
C -  Commercial ca tch
CPUE -  Commercial ca tch  per  boat hour
E -  Escapement from commercial h a rv es t  area
q(a ) -  c a t c h a b i l i t y  c a lc u la te d  from the power law re g re s s io n  model 
9(b) ” average value o f  q weighted by the number o f  boats
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Table 17. Coded d e s c r i p t i v e  s t a t i s t i c s  from s im u l a t i o n s  u s in g  two 
management s c e n a r i o s .  The a r r i v a l  o f  salmon i s  g e n e r a t e d  from the 
m igratory  time d e n s i ty  of th e  reco n s tru c ted  t o t a l  popu la t io n .
























A 23.51 116.10 0.5689 -0.7350
C 20.28 76.53 0.7007 -0.7113
CPUE 21.45 83.51 0.5200 -0.9757
























A 23.51 116.10 0.5689 -0.7350
C 25.83 99.13 0.1813 -0.6579
CPUE 30.86 126.04 -0.1129 -0.9405
E 21.74 118.29 0.8828 -0.4332
A -  A rr iv a l  of salmon in to  the  h a rv es t  area
C -  Commercial c a tch
CPUE -  Commercial c a tch  per  boat hour
E -  Escapement from commercial h a rv es t  area
Ml -  Management scen a r io  w ith  two 24 hour f i s h in g  per iods  pe r  week
M2 -  Management scenario  w ith  one 36 hour period  and one 14 h ou r  p e r io d
per week
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escapement appeared to  be p ro p o r t io n a te ly  spread over th e  m ig ra t io n  f o r  
1981, bu t  the sim ulated escapement was twice the  d e s i re d  escapement goal 
(F ig . 17).
The management scenario  M2, which opens one 36 hour per iod  and one 
14 hour period  a week, harvested  41 percen t or the  t o t a l  p o p u la t io n  f o r
1981 and 1982. The d e s c r i p t i v e  s t a t i s t i c s  o f  escapement f o r  1981 and
1982 approximated the  a r r i v a l  d i s t r i b u t i o n  o f  salmon (T a b le  1 7 ) .  The 
escapem ent c l o s e l y  approximated the  form o f  the  t h e o r e t i c a l  escapement 
goal f o r  1981, bu t again  over escapement was high (F ig .  18).
Normal Approximation fo r  the  Entry D is t r ib u t io n  o f  Salmon
The Ml management s c e n a r i o  f o r  t h e s e  s im u l a t i o n s  h a r v e s te d  25 
p e r c e n t  o f  th e  p o p u la t io n  f o r  1981 and 1982. The d i s t r i b u t i o n  o f  
escapem ent c l o s e l y  approximated the  form o f  the  t h e o r e t i c a l  escapement 
goal f o r  1981, bu t again  simulated escapement was twice the goal fo r  the 
Ml scenario  (F ig . 19)
The M2 management s c e n a r i o  h a r v e s t e d  49 p e r c e n t  o f  th e  t o t a l  
popula tion  fo r  1981 and 1982. The d e s c r ip t iv e  s t a t i s t i c s  f o r  escapement 
f o r  1981 and  1982 were a lm o s t  i d e n t i c a l  to  th o s e  f o r  th e  a r r i v a l  
d i s t r i b u t io n  of salmon (Table 18). The escapement c lo s e ly  app rox im ated  
the form of the  t h e o r e t i c a l  escapement go a l ,  and the  escapement was only 
13 pe rcen t  over the  escapement goa l (F ig . 20).
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F igure 17 . T h eo retica l escapement i s  a s o l id  l in e ,  escapement sim ulated
from a Ml management scen ario  i s  a dashed l in e  (1981).
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Figure 18 . T h eo retica l escapement i s  a s o l id  l in e ,  escapement sim ulated
from a M2 management scen ario  i s  a dashed l in e  (1 9 8 1 ).
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Figure 19 . T h eoretica l escapement i s  a s o l id  l in e ,  escapement sim ulated
from a Ml management scenario  i s  a dashed l in e  (1 9 8 1 ).











d 1 d 1 3 ...... 1 3
o O o D
Q o ED ED
Q LO O LO
UD CO rH
zzDsiOQLiJce: o u _  in a i_ J i1ZLU>-LiJ
















Table 18 . Coded d e s c r i p t i v e  s t a t i s t i c s  from s im u la t io n s  u s in g  two 
management s c e n a r i o s .  The a r r i v a l  of salmon is  genera ted  by a normal 
app rox im ation  o f  th e  m ig r a to r y  tim e d e n s i t y  o f  r e c o n s t r u c t e d  t o t a l  
popu la tion .
Category Mean Variance Skewness K urtos is
Ml
1981
A 22.30 99.47 0.3139 -0.3611
C 22.50 89.32 0.0376 -0.7180
CPUE 23.81 90.33 -0.0620 -0.7293
E 23.01 104.04 0.1191 -0.4611
1982
A 23.23 98.57 0.2418 -0.3809
C 23.55 87.67 -0.0417 -0.6967
CPUE 24.85 87.71 -0.1396 -0.6873
E 23.77 103.40 0.0877 -0.4523
M2
1981
A 22.30 99.47 0.3139 -0.3611
C 22.93 91.39 0.2219 -0.4939
CPUE 26.89 109.62 0.0566 -0.6852
E 22.90 110.25 0.0428 -0.5079
1982
A 23.23 98.57 0.2418 -0.3809
C 23.75 89.11 0.1492 -0.5097
CPUE 27.50 102.99 -0.0086 -0.6352
E 23.74 112.36 0.0099 -0.5027
A -  A r r iv a l  of salmon in to  th e  h a rv es t  a rea
C -  Commercial ca tch
CPUE -  Commercial ca tch  per hoat hour
E -  Escapement from commercial h a rv es t  a rea
Ml -  Management scenario  w ith  two 24 hour f is h in g  periods  per  week
M2 -  Management scenario  w ith  one 36 hour period  and one 14 hour p e r io d
per week
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Figure 20 . T h eo retica l escapement i s  a s o l id  l in e ,  escapement sim ulated
from a M2 management scenario  i s  a dashed l in e  (1 9 8 1 ).
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5.1 Migratory timing f o r  commercial ca tch  and escapement
The means o f  th e  m ig ra to ry  time d e n s i t i e s  of Copper River sockeye 
salmon commercial ca tch  are  conserved from year to  y e a r .  Removing th e  
y e a r s  where f i s h i n g  e f f o r t  was g r e a t ly  reduced (1979 and 1980) sharply  
reduced the  v a r i a t io n  o f  mean d a te s .
The c o e f f i c i e n t s  o f  v a r i a t i o n  (CV's) fo r  cumulative p ro p o r t io n a l  
ca tch  d a t a  c l e a r l y  i n d i c a t e d  a sh a rp  r e d u c t io n  in  v a r i a b i l i t y  upon 
removal of the years 1979 and 1980. The redu c t io n  in  the  v a r i a b i l i t y  of 
cumulative p roportions  appears to  make the  m igratory timing in f o r m a t io n  
u s e f u l  f o r  h a r v e s t  management o p e ra t io n s .  The values fo r  the  CV's are  
much le s s  than values c a l c u la te d  by Mundy (1983) f o r  th e  low er Yukon 
ch inook  f i s h e r y .  The c o e f f i c i e n t  o f  v a r i a t i o n  i s  12 percen t a t  the  
grand mean o f  th e  m i g r a t i o n  -  June  08 (T ab le  1 ) .  Roberson e t  a l . ,  
(1978) d e m o n s tra te d  a s u c c e s s f u l  a p p l i c a t i o n  of p ro p o r t io n a l  da ta  to  
p r e d ic t  t o t a l  y ie ld  fo r  the  Copper River sockeye salmon f i s h e ry .
However, c a u t io n  sh o u ld  be  used  in  a d m in is te r in g  the cumulative 
p roportions  fo r  h a r v e s t  management p u rp o s e s .  A lthough  th e  CV's a re  
r e l a t i v e l y  sm a l l  abou t the  mean d a te ,  the  Copper River sockeye f i s h e ry
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d i s p l a y s  a h ig h ly  r i g h t  skewed d i s t r i b u t i o n  ( F ig .  6 ) .  The skew ed  
d i s t r i b u t i o n  has a l s o  been reported  fo r  the m igrato ry  time d e n s i t i e s  o f  
ta g g in g  d a t a  f o r  u pper  Copper R iv e r  s o c k e y e  s t o c k s  ( M e r r i t t  and 
R oberson , 1983). H is to r i c a l ly ,  a m a jo r i ty  of ca tch  occurred very  ea r ly  
in  the  season. The CV's a re  above 50 percen t f o r  t h e  f i r s t  15 days o f  
the season (Table 2 ) .  The CV's do not f a l l  below 25 percen t u n t i l  a f t e r  
50 percen t of th e  average m igra tion  has passed. S ince  th e  CV's may be 
i n t e r p r e t e d  as the  p ro b a b i l i ty  of e r ro r  fo r  p re d ic t in g  t o t a l  y ie ld  from 
average performance, no te  t h a t  th e  CV does no t f a l l  below 50 p e r c e n t  
u n t i l  50 p e r c e n t  o f  t h e  h i s t o r i c a l  c a t c h  i s  r e a l i z e d  (T a b le  2 ) .  
Therefore , a manager would be basing harves t dec is ions  on the  b e g in n in g  
50 p e r c e n t  o f  th e  m i g r a t i o n  w i th  poor p r e d ic t iv e  c a p a b i l i ty ,  and the  
l a t t e r  50 percen t of the  m ig ra tion ,  which i s  h i s t o r i c a l l y  spread over 70 
d a y s ,  w i t h  e x c e l l e n t  p r e d i c t i v e  c a p a b i l i t y .  I n v e s t i g a t i o n s  in t o  
i d e n t i f y i n g  so u rc e s  o f  v a r i a b i l i t y  o f  m i g r a t o r y  t i m i n g ,  s u c h  a s  
a tm o s p h e r ic  te m p e ra tu re  and wind, r i v e r  d ischarge and the  ex tension  of 
the  Copper River plume in to  the g u lf  of Alaska, a re  obviously needed.
The m eans o f  m i g r a t o r y  t im in g  o f  Copper R ive r  sockeye so n a r  
escapement appear to be conserva tive  over y e a rs .  I t  a p p e a r s  th e  means 
of escapement do not d r a s t i c a l l y  d i f f e r  from the means of escapement fo r  
the years when f ish in g  was h a l te d  f o r  an extended period  of t im e  (T ab le  
8) . The c o n s e r v a t i v e  b e h a v io r  o f  th e  means o f  escapem ent may be 
a t t r i b u t e d  to  th e  sound management p o l i c i e s  f o r  u pper  Copper R iv e r  
sockeye salmon. I t  appears t h a t  e f f o r t  has been p ro p o r t io n a te ly  spread 
over the  m ig ra tion  of upper Copper River s tocks .  The evidence i s  not as 
c l e a r  when com paring  a v e ra g e  d a i l y  p r o p o r t i o n a t e  d a ta  o f  c a tc h  and
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escapement f o r  the f i r s t  20 coded days of the m igra tion  (F ig s .  6 and 8 ) .  
However, th e re  has been re c e n t  evidence from stock sep a ra t io n  s tu d ie s  o f  
Copper River sockeye t h a t ,  on th e  average, 40 percen t of the c a t c h ,  f o r  
th e  f i r s t  20 days o f  the m ig ra tio n ,  a re  bound fo r  spawning areas o f  the 
Copper River d e l t a  and not th e  Copper River proper (Sharr e t  a l . ,  1983). 
The h ig h  p r o p o r t i o n  o f  d e l t a  s to c k s  found in  c a t c h  may cau se  th e  
d isc repanc ies  between p ro p o r t io n a te  d a ta  of ca tch  and e scap em en t.  The 
d e l t a  s t o c k s  w ou ld  n o t  p a s s  th e  s o n a r  c o u n te r  i f  n o t  h a r v e s t e d .  
T h e r e f o re ,  by i n c o r p o r a t i n g  t h e  d e l t a  s t o c k s  i n  t h e  c a t c h  d a t a  
e x p lo i ta t io n  r a te s  a re  over es tim ated .
5.2 Lag time es t im a tio n  and t o t a l  popu la tion  re c o n s tru c t io n
The c o r r e l a t i o n  method used  to  es t im a te  lag time agreed w ith  the  
method which r e l i e d  on the m inim ization  o f  q only 1 out of 4 y e a rs .  The 
d i f f e r e n c e s  fo r  lag  time es t im a t io n  ranged from 1 to  3 days fo r  the  two 
m ethods . The method u s in g  th e  m in im iz a t io n  o f  q i s  b a s e d  on t h e  
h y p o t h e s i s  t h a t  q te n d s  tow ard  a c o n s t a n t  s e a s o n a l  v a l u e .  I t  was 
demonstrated in  Chapter 3 t h a t  q ,  d e r iv e d  from  h i s t o r i c a l  d a t a ,  was 
h i g h l y  v a r i a b l e  o v e r  th e  c o u rs e  o f  a s e a s o n .  The w o rs t  agreem ent 
between th e  two m ethods o c c u r re d  i n  a y e a r  (1983) w i th  th e  h ig h e s t  
amount o f  seasonal v a r i a b i l i t y  fo r  q. D aily  e f f o r t  was found to  exp la in  
97 percen t o f  the v a r i a b i l i t y  in  q. The year  the  two methods a g re e d  on 
a lag  tim e was 1980 where f is h in g  was only open to  chinook salmon gear 
f o r  a very  l im ited  tim e. The reason t h a t  th e  two methods a g ree d  on a 
lag  tim e f o r  1980 may he due to  th e  f a c t  t h a t  e f f o r t  was r e l a t i v e l y  
constan t on each time in t e r v a l  which produced a constan t s e a so n a l  v a lu e
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fo r  q.
The m i g r a t i o n  r a t e s  c a l c u l a t e d  f o r  sockeye  salmon from  th e  
c o r r e l a t i o n  a n a ly s i s  agreed w ith  the  range  o f  m i g r a t i o n  r a t e s  (1 5 .6  -  
24.5 km day- *) c a lc u la te d  from tagg ing  s tu d ie s  fo r  sockeye salmon o f  the 
Igush ik  R iver,  Alaska (McBride and C la rk ,  1979; M cBride, 1 9 8 0 ) .  The 
m i g r a t i o n  r a t e s  c a l c u l a t e d  from tagging  s tu d ie s  fo r  upper Copper River 
sockeye  ra n g ed  from 9 .5  t o  14 km day” * (M e r r i t t  and Roberson, 1983). 
These r a te s  were slower than  those  c a lc u la te d  by the c o r r e l a t i o n  method, 
b u t  m i g r a t i o n  r a t e s  were d e te rm in e d  from  ta g g e d  f i s h  f a r th e r  up the  
r i v e r  in  a much f a s t e r  c u r r e n t  th a n  found i n  th e  com m ercia l h a r v e s t  
a re a .
In  C h ap te r  3 i t  was o b s e rv e d  t h a t  means c a l c u l a t e d  from c a tc h  
d i f f e r e d  by le s s  than  a day from the  means o f  th e  r e c o n s t r u c t e d  t o t a l  
popu la tion  fo r  1981 -  1983, and th e  v a r ia n ces  o f  both  d i s t r i b u t io n s  were 
a lso  in  c lo se  agreement. The mean d a te s  c a lc u la te d  from escapem ent and 
th e  r e c o n s t r u c t e d  t o t a l  p o p u la t io n  d i f f e r e d  by one day and l e s s .  The 
c l o s e  ag reem en t o f  d e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  m i g r a t o r y  t im e  
d e n s i t i e s  o f  th e  r e c o n s t r u c t e d  t o t a l  p o p u la t io n  and escapem ent a re  
a d d i t io n a l  evidence th a t  e f f o r t  was p r o p o r t i o n a t e l y  sp read  a c r o s s  th e  
m igra tions  fo r  1981 -  1983.
The u n u s u a l ly  h ig h  average e x p lo i ta t io n  r a t e  o f  85 percen t can be 
p a r t i a l l y  a t t r i b u t e d  to  th e  a s s u m p t io n ,  made in  r e c o n s t r u c t i n g  th e  
m i g r a t i o n s ,  th a t  a l l  f i s h  caught in  the  f i r s t  50 days were d es t in ed  fo r  
t h e  Copper R iv e r  spawning g ro u n d s .  S h a r r  e t  a l . , ( 1 9 8 4 )  p r e s e n t e d
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convincing evidence th a t  only approxim ately 61 percen t of the  commercial 
c a t c h  was bound f o r  the  upper Copper River spawning grounds during  the 
f i r s t  50 coded days o f  the m ig ra tio n .  The a p p o r t io n m e n t  o f  c a t c h  was 
n o t  e x t r a p o l a t e d  to  th e  r e c o n s t r u c t io n s  o f  the popu la tion  because the 
study o f  Sharr was only fo r  1982 d a ta .
I f  one a s s u m e s  a h y p o t h e t i c a l  s i t u a t i o n  w h e re  th e  r a t e  o f  
e x p lo i ta t io n  f o r  the Copper R iver f i s h e ry  i s  100 pe rcen t  a minimum value  
o f  escapem ent can  be e s tim ated . By in te rg r a t in g  the  areas  between the 
ca tch  on the  l a s t  day o f  a f i sh in g  per iod  to  the  ca tch  on the  f i r s t  day 
o f  th e  s u b se q u e n t  f i s h in g  p er iod  and summing the  a rea s  over a season a 
minimum escapement value  f o r  th e  Copper River and D elta  can be o b ta in ed .  
Reducing th e  w eek ly  c a t c h  f o r  the  time s e r ie s  o f  da ta  f o r  1982 by the 
p o in t  es t im a tes  f o r  the  p ro p o r t io n  of d e l t a  stocks found in  the  ca tch  by 
Sharr e t  a l . ,  (1984) then a minimum u p r iv e r  escapement can be e s t im a ted .  
I f  the  hypothesized  minimum value  of escapement i s  h igher than  th e  sonar 
escapem ent (which appears to  be h igh ly  probable from in sp e c t io n  o f  F ig .  
9 and Appendix B), then th ree  conclusions  can be specu la ted .  The f i r s t ,  
p o i n t  e s t i m a t e s  f o r  th e  p r o p o r t i o n  o f  d e l t a  s to c k  catches  a re  being 
under e s t im a ted .  The second c o n c lu s io n  i s  t h a t  th e  so n ar  c o u n t e r  i s  
u nder  e s t i m a t i n g  escapem ent to  th e  Copper R iv e r  p r o p e r .  The th i r d  
p o s s i b i l i t y  i s  th a t  the  under e s t im a t io n  of escapement i s  a c o m b in a t io n  
of the  two prev ious ex p lan a tio n s .
E x p l o i t a t i o n  r a t e s  as  h ig h  as 77 percen t have been es t im a ted  fo r  
the F ra se r  r i v e r  chinook salmon g i l l  net f is h e ry  and 68 p e rce n t f o r  th e  
Georgia S t r a i t  chinook f i s h e ry  (Argue e t  a l . ,  1983). A f te r  re d u c t io n  of
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
9 1
ca tches  to  account fo r  d e l t a  s to c k s ,  co rrec ted  es t im a tes  o f  e x p lo i ta t io n  
r a t e s  agree w ith  those  of Argue e t  a l . ,  (1983).
In  the  g en e ra lize d  ca tch  equation  (Equation 12) i t  i s  assumed t h a t  
each  in c r e a s e  in  a u n i t  o f  e f f o r t  causes a p ro p o r t io n a l  in c rease  in  th e  
ins tan taneous  r a t e  o f  f i s h in g  (F ) .  T herefore , a l l  u n i t s  o f  e f f o r t  m ust 
be a d j u s t e d  to  a s tandard  u n i t  o f  e f f o r t .  In  the Copper R iver f i s h e r y ,  
s ince  sockeye salmon a re  the  t a r g e t  spec ies  o f  i n t e r e s t ,  o n ly  a s m a l l  
p e r c e n ta g e  o f  f i s h e rm e n  use  a l a r g e r  mesh s i z e  i n  th e  f i r s t  f i s h in g  
p er iod  o r  s o . to  h a r v e s t  ch in o o k  salmon (R a n d a l l  e t  a l . ,  1 9 8 2 ) .  The 
assumptions made th a t  th e  u n i t s  o f  gear  a re  r e l a t i v e l y  s tandard  in  terms 
o f  mesh s iz e  and o v e ra l l  n e t  s i z e  are  j u s t i f i e d .  The r e c o n s tru c t io n s  o f  
th e  m i g r a t i o n  were performed on one-day in t e r v a l s .  The "days" open to  
f i s h in g  i n  th e  Copper R iv e r  d id  n o t  alw ays c o v e r  a 24 h o u r  p e r i o d .  
T herefore , the  u n i t s  o f  gear  needed to  be ad ju s ted  fo r  th e  p ro p o r t io n  o f  
the day th a t  f i s h in g  to o k  p la c e  i n  o r d e r  to  have a s t a n d a r d  u n i t  o f  
g ea r .
A f t e r  a l l  u n i t s  o f  g e a r  were a d j u s t e d  by p ropo r t io n  o f  the  day 
f i s h e d ,  i t  was apparent t h a t  a r e l a t i o n  e x is te d  between c a t c h a b i l i t y  and 
number o f  b o a t s .  D a i ly  a d j u s t e d  e f f o r t  on th e  average  expla ined  74 
p e r c e n t  o f  th e  v a r i a b i l i t y  a s s o c i a t e d  w i th  q . This  v a l i d a t e d  t h e  
h y p o th e s i s  s t a t e d  in  Chapter 3 t h a t  th e re  was p h y s ica l  in te r f e r e n c e  o f  
u n i t s  o f  e f f o r t  d u r in g  p e a k  f i s h i n g  p e r i o d s .  The c o n d i t i o n  o f  
non-independent e f f o r t ,  where p h y s ic a l  com petition  between u n i t s  of gear  
takes  p la c e ,  has been d escr ibed  by Ricker (1975) and Seber (1 9 8 2 ) .  The 
l in e a r iz e d  power law re g re s s io n  model fo r  c a t c h a b i l i t y  was a lso  found to
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be the b e s t  f i t  fo r  the  sockeye salmon f i s h e r y  o f  Togiak Bay, A la sk a  
(Brannian, 1982).
Argue e t  a l . ,  (1983) p re sen ts  d a ta ,  from t h e i r  model of a chinook 
salmon f i s h e r y ,  th a t  suggests  a n o n - l in e a r  r e l a t i o n  be tw een  th e  number 
o f  b o a ts  on an in t e r v a l  and the  va lue  o f  q. An asym ptotic r e l a t i o n  fo r  
the  number of b o a ts  as a fu n c t io n  of time i s  p resen ted  f o r  t h i s  f i s h e r y .  
T h is  s u p p o r t s  t h e i r  s ta t e m e n t  t h a t  when the  Georgia S t r a i t s  f i s h e ry  
becomes sa tu ra te d  w ith  b o a ts  and the  f is h in g  e f f o r t  s h i f t s  t o  th e  w e s t  
c o a s t  o f  V a n c o u v e r  I s l a n d .  The e v id e n c e  s u g g e s t s  t h a t  p h y s i c a l  
in te r f e re n c e  o f  gear  may be causing the  red u c t io n  in  the  va lue  o f  q w ith  
an in c r e a s e  i n  number o f  b o a ts  as the season p rog resses  up to  th e  coho 
salmon season.
The r e s u l t s  o f  the  b a s e l in e  s im ula tions  demonstrated th a t  th e  e r r o r  
a sso c ia ted  w ith  p re d ic t in g  escapement from th e  r e g r e s s i o n  model f o r  q 
was a b o u t  20 p e r c e n t .  The r e s u l t s  o f  th e  s im u l a t i o n s  r e v e a l  t h a t  
e s t im a tio n  of Copper r i v e r  escapement can be made from commercial c a t c h  
and number o f  boa ts  on an in t e r v a l .
The r e s u l t s  o f  th e  f i r s t  p a r t  o f  t h i s  study p o in t  toward a system 
o f  p r e d i c t i v e  m o d e ls ,  w hich  f u n c t i o n  d u r in g  th e  s e a s o n ,  to  a s s i s t  
management pe rsonne l in  making ha rves t  c o n t ro l  d ec is io n s  f o r  th e  Copper 
River sockeye salmon f i s h e r y .  The system  o f  m ode ls  c o n s i s t s  o f  t h e  
fo l lo w in g  major components: (1) a l in e a r iz e d  power law re g re s s io n  model 
to  p r e d ic t  the v a lu e  o f  q; (2) a model to  p r e d ic t  t o t a l  y ie ld  during the  
seaso n  and; (3 )  a model to  p r e d i c t  t o t a l  sonar escapement during  the
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season.
The number o f  b o a t s  i s  f req u e n t ly  counted by a e r i a l  survey during 
th e  season. D aily  ca tch  s t a t i s t i c s  are  compiled by boat which r e f e r  to  
th e  a c t u a l  s a l e  o f  f i s h  as  r e c o r d e d  by th e  f i s h  t i c k e t .  I n  season 
approximations of c a tc h  and e f f o r t  can be c a lc u la te d  d u r in g  th e  sea so n  
f ro m  f i s h  t i c k e t  d a t a .  The num ber o f  b o a t s  can  be u sed  i n  th e  
reg re s s io n  model derived  in  Chapter 3 to  e s t im a te  a v a lu e  o f  q f o r  th e  
i n t e r v a l .  A e r i a l  s u r v e y s  o f  e f f o r t  y i e l d  good r e s u l t s  w e a th e r  
p e r m i t t i n g .  Employing E q u a t i o n s  4 and 5 ,  an  e s t i m a t e  o f  t o t a l  
p o p u la t i o n  f o r  th e  i n t e r v a l  can be made using the es tim ated  va lue  o f  q 
and the  ca tch  from f i s h  t i c k e t  d a t a .  The ca tch  can be s u b t r a c t e d  from 
th e  t o t a l  p o p u la t io n  e s t i m a t e  f o r  e s t im a t io n  o f  Copper River sockeye 
e sc a p e m e n t .  The e s t i m a t e s  o f  escapem ent can be compared to  s o n a r  
escapem ent d a t a  a t  M iles Lake to  c a lc u la te  an inseason  es tim ate  o f  lag 
time ( i . e .  m ig ra tion  r a t e ) .  The t o t a l  popu la tion  e s t i m a t e  can  a l s o  be 
used to  make an es t im a te  fo r  the  r a t e  o f  e x p lo i ta t io n .
The fu n c t io n  o f  the  next model in  the  system i s  to  e s t i m a t e  t o t a l  
e scap e m en t.  A two p a ra m e te r  l i n e a r  m ode l,  w hich i s  s i m i l a r  to  the  
p re d ic t io n  model descr ibed  by Barth  (1984), can be developed to  p r e d i c t  
t o t a l  seasonal sonar escapement. The proposed two param eter model i s :
Y =  +  p 2X2  +  s  ( 2 1 )
where
Y = t o t a l  seasonal sonar escapement
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Xj -  cumulative sonar escapement to  da te
X2 = cumulative ca tch  to  date
The n e x t  s t e p  in  th e  s e r i e s  o f  m odels i s  a  p r e d i c t o r  f o r  t o t a l  
y i e ld .  Barth (1983) eva lua ted  in t r a s e a s o n  y ie ld  m odels f o r  th e  Copper 
R iv e r  sockeye f i s h e r y  and found  a s e r i e s  o f  l i n e a r  re g re s s io n  model, 
w ith  the  independent v a r i a b l e  c u m u la t iv e  c a t c h  by d a t e ,  to  g iv e  t h e  
l o w e s t  e r r o r  f o r  t o t a l  y i e l d  e s t i m a t e s .  The method f i t s  a l i n e a r  
r e g re s s io n  model to  each d a te  of the  m ig ra tio n  and es t im a tes  t o t a l  y ie ld  
from cumulative ca tch  to  d a te .
The in s e a s o n  e s t i m a t e s  o f  t o t a l  y i e ld ,  t o t a l  escapement, lag time 
between the  h a rv es t  a rea  and th e  sonar s i t e ,  and the  d a i ly  e x p l o i t a t i o n  
r a t e s  a r e  s u f f i c i e n t  i n f o r m a t io n  to  e v a l u a t e  how th e  cu rren t  season
compares to  the average performance of t h e  f i s h e r y .  T h is  in f o r m a t io n
can be u sed  by th e  h a r v e s t  m anager to  e v a lu a te  i f  adjustments in  the  
f i s h in g  sc h e d u le  a r e  needed  to  p r o p o r t i o n a t e l y  h a r v e s t  th e  sockeye 
popu la t ion  through tim e.
5 .3  E valuation  and u t i l i t y  of s im u la tio n  model
The model reproduced the  time s e r i e s  o f  ca tch  and escapement w ith  a 
MA%E l e s s  th a n  one and i t  w as a b l e  t o  a c c u r a t e l y  r e p r o d u c e  t h e  
d e s c r i p t i v e  s t a t i s t i c s  f o r  th e  m i g r a to r y  time d e n s i t i e s  o f  ca tch  and 
escapement f o r  1981 and 1982.
The model did no t perform as  w ell f o r  data  from 1983. One p o s s ib le
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source fo r  e r ro r  may have been due to  th e  es tim a te  o f the  re s id en c e  tim e 
in  th e  h a r v e s t  a r e a .  The s im u la tio n  fo r  1983 had a re s id e n c e  tim e of 
two days. The model assumes a co n s ta n t s e a s o n a l  r e s id e n c e  tim e  ( i . e .  
m ig ra t io n  r a t e ) .  A la rg e  v a r ia t io n  in  th e  in tra se a s o n a l m ig ra tio n  r a te  
could he th e  source f o r  e r r o r  in  s im u la tio n  o f ca tch  and escapem ent.
As p r e s e n te d  in  C h ap te r  4 th e  a ssu m p tio n  o f an average seasonal 
c a tc h a b i l i ty  c o e f f ic ie n t  does not fo rc e  the  means c a lc u la te d  from  c a tc h  
and escapem ent to  d e p a rt from th e  means c a lc u la te d  from observed d a ta . 
These r e s u l t s  agree w ith  the  f in d in g s  o f  B utt (1984), th a t  th e  means o f 
t o t a l  abundance and c a tc h  com pare w e ll  when a h igh  p ro p o rtio n  o f the  
p opu la tion  i s  sampled, bu t when le s s  than  12 p e rc e n t o f  th e  p o p u la t io n  
i s  sam pled th e  e r ro r  o f e s tim ated  means tends to  become very  la rg e . In  
o th e r  w o rd s, by u s in g  an  a v e r a g e  v a l u e  o f  q , a s  lo n g  a s  a f a i r  
p ro p o rtio n  o f th e  p o p u la tio n  i s  sam pled, the  means o f  the two c a te g o rie s  
w i l l  be in  c lo se  agreem ent. The h igh  e x p lo ita t io n  r a t e s  found f o r  th e  
Copper R iv e r  f i s h e r y  in su re  th a t  the  means c a lc u la te d  from ca tch  a re  a 
very  c lo se  approxim ations o f th e  t o t a l  popu la tio n  m eans. H owever, th e  
la g g ed  means o f  escapem en t may d e v ia te  from  th e  means o f  th e  t o t a l  
p opu la tion  when e x p lo i ta t io n  r a te s  a re  g r e a t e r  th a n  85 p e r c e n t  and i f  
e f f o r t  was no t p ro p o r tio n a te ly  spread over th e  season .
The v a ria n c e s  c a lc u la te d  from  s im u la te d  c a tc h ,  u s in g  an a v e ra g e  
v a lu e  o f  q , d e c re a s e d  from v a ria n ces  c a lc u la te d  from observed d a ta  and 
s im u la tions in c o rp o ra t in g  v a r i a b l e  q . The a ssu m p tio n  o f  an a v e ra g e  
v a lu e  f o r  q inc reased  th e  v a ria n ces  fo r  sim ulated  escapement over those 
c a lc u la te d  from observed d a ta  and s im u la tio n s  using v a r ia b le  q.
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These r e s u l t s  s u g g e s t ,  t h a t  w hen a g e n c i e s  a r e  p la n n in g  th e  
d i r e c t i o n  o f  h a r v e s t  o p e r a t io n s  to  d e l iv e r  a h a r v e s t  o r  escapem ent 
o b je c tiv e , cau tio n  should be taken  when assuming an average v a lu e  o f  q . 
In  o th e r  w o rd s, dep en d in g  on th e  l e v e l  o f  e f f o r t  i t  cannot always be 
assumed th a t  each a d d it io n a l  u n i t  o f e f f o r t  w i l l  p ro p o r tio n a lly  in c re a se  
th e  ca tch  over th e  course o f  th e  season . The assum ption o f  an average q 
could r e s u l t  in  a d is p ro p o r tio n a te  h a rv e s t o f th e  m ig ra t io n  o v e r  t im e .  
T h e re fo re ,  m odels t h a t  p r e d i c t  q as a  fu n c tio n  o f e f f o r t  o r tim e (as 
d escribed  in  Chapter 3) can be  e x tre m e ly  h e lp f u l  to o l s  to  m anagem ent 
a g e n c ie s  f o r  d i r e c t i n g  h a r v e s t  o p e ra tio n s  w ith  a goal of d e l iv e r in g  a 
h a rv es t o r  escapem ent o b j e c t iv e  d i s t r i b u t e d  p r o p o r t i o n a te ly  th ro u g h  
tim e.
The e v a lu a t io n  o f  th e  tim e  d e n s i t i e s  o f  sim ulated  CPUE rev ea led  
th a t  i t  was no t as r e p r e s e n ta t iv e  o f  th e  t o t a l  p o p u la t io n  as  was th e  
tim e  d e n s i t i e s  o f  c a tc h .  When sim u la tio n s  were ru n , using  an average 
v a lu e  o f q , th e  means and v a r ia n c e s  o f  CPUE s t a r t e d  to  a p p ro a c h  th e  
v a lu e s  f o r  th e  t o t a l  p o p u la tio n . The sim u la tio n s  rev ea led  th a t  cau tio n  
should be taken when using th e  average m igrato ry  time d e n s ity  o f CPUE to  
gauge th e  a v e ra g e  p e rfo rm a n ce  o f th e  f i s h e r y .  The h igh  v a r i a b i l i t y  
found fo r  q i s  b e liev ed  to  be th e  cause fo r  d ep a rtu re  of the  d e s c r ip t iv e  
s t a t i s t i c s  o f CPUE from th o se  o f  th e  t o t a l  p o p u la tio n . The d e s c r ip t iv e  
s t a t i s t i c s  fo r  ca tch  c lo se ly  approxim ate those  o f th e  t o t a l  p o p u la t io n ,  
which i s  evidence fo r  th e  p o p u la tio n  being p ro p o rtio n a lly  h a rv es te d  over 
th e  season. The f a c t  th a t  th e  d e s c r ip t iv e  s t a t i s t i c s  fo r  CPUE d i f f e r e d  
from  th o se  f o r  th e  t o t a l  p o p u la tio n  i s  evidence th a t  over a season th e
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p ro p o rtio n  o f  f i s h  th a t  one u n i t  o f e f f o r t  cap tu res  i s  not c o n s ta n t.
A p ro p o sed  procedure to  id e n t ify  i f  q i s  v a r ia b le  over a season i s  
as fo llo w s: (1 ) compare th e  m igrato ry  tim ing of ca tch  and CPUE; (2 ) then  
com pare th e  m ig ra to ry  tim ing o f standard  e f f o r t  to  ca tch  and CPUE and; 
(3 )  f i n a l l y  on th e  b a s i s  o f  th e  p re v io u s  com parisons d e te rm in e  i f  
c a t c h a b i l i t y  i s  c o n s ta n t  o r v a r ia b le  over a season. The c r i t e r io n  fo r  
d e c id in g  i f  q i s  r e l a t i v e l y  c o n s t a n t  i s  th e  s i m i l a r i t y  o f  t h e  
d e s c r i p t i v e  s t a t i s t i c s  f o r  th e  tim e  d e n s i t i e s  o f  c a tc h ,  CPUE, and 
e f f o r t .  I f  i t  i s  found, by com parision of d e s c r ip t iv e  s t a t i s t i c s ,  t h a t  
the  tim e d e n s i t ie s  o f ca tch  and e f f o r t  a re  s im ila r ,  bu t th e  tim e d e n s ity  
o f CPUE d i f f e r s  i t  may be assumed th a t  q i s  v a r i a b l e  o v e r th e  s e a s o n .  
The reasons fo r  v a r i a b i l i t y  o f q over a season were exp la ined  in  Chapter 
3 .
I t  i s  found  th a t  t r a d i t i o n a l ly ,  in  a te rm in a l salmon f is h e ry ,  th a t  
e f f o r t  i s  low a t  th e  t a i l s  o f th e  m ig ra tio n . T herefore , a t  peak p e rio d s  
o f  f i s h i n g  e f f o r t  may s a t u r a t e  a h a r v e s t  a re a  c a u s in g  p h y s ic a l  
com petition  between u n i ts  of g e a r . This phenomenon w i l l  cause unusually  
h ig h  v a lu e s  fo r  CPUE a t  th e  t a i l s  o f the  m ig ra tio n . The h igh  v a lu es  o f 
CPUE a t  th e  t a i l s  i s  a t t r ib u te d  to  th e  h igher v a lu e s  o f  q found  d u r in g  
perio d s o f low or no com p etitio n .
I n  t h e  c a s e  o f  t h e  C o p p e r  R iv e r  so c k e y e  sa lm o n  f i s h e r y  
p a r t i c ip a t io n  i s  h igh  a t  the  beginning of th e  m ig ra tio n  and t a i l s  o f f  as 
th e  season p ro g re s se s . The va lue  o f q is  found to  be h igher tow ards th e  
l a t e r  p a r t  o f th e  sockeye season . T h erefo re , high va lu es  of CPUE found
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l a t e r  in  th e  season cause th e  means o f  CPUE to  o ccu r much l a t e r  th a n  
th o se  found  f o r  c a tc h  and t o t a l  abundance and a lso  t h i s  a lso  accounts 
fo r  th e  v a r ia n c e s  o f CPUE being much la rg e r .
The assum ptions th a t  a l l  f i s h  caught in  th e  commercial h a rv e s t a rea  
a r e  d e s t i n e d  to  spaw n i n  t h e  u p p e r  C o p p e r  R i v e r  i s  a n  o v e r  
s i m p l i f i c a t i o n  o f  th e  system . I t  i s  th e  l ik e ly  th a t  th e  e s tim a te s  fo r  
the  r a te  o f e x p lo i ta t io n  and the  c a tc h a b i l i ty  c o e f f ic ie n ts  were h igh  due 
to  th e  s im p l i f y in g  a s su m p tio n . S im ila r ly , o v e r -s im p lif ic a tio n  caused 
the re c o n s tru c te d  d is t r ib u t io n s  f o r  t o t a l  p o p u la tio n  to  have u n u s u a l ly  
h ig h  p eaks  on th e  days o f  c a tc h  (Appendix A ). When th e  re c o n s tru c te d  
d is t r ib u t io n s  were used f o r  the  g e n e ra tin g  d is t r ib u t io n  o f  th e  model, i t  
was found  th e  p o p u la tio n  was u n d e r-e x p lo ite d  using  an Ml sc e n a rio . The 
reason  f o r  u n d e r -e x p lo ita tio n  was t h a t  w ith  o n ly  one 24 h o u r f i s h in g  
p e r io d  a w eek, th e  days which had a d d it io n a l  d e l ta  s tocks had a h ig h e r 
p ro b a b il i ty  o f no t being f is h e d .
A lth o u g h  th e  a s su m p tio n s  c o m p lic a te d  th e  i n t e r p r e t a t i o n  o f  the  
r e s u l t s  o f th e  s im u la tio n s , th e  es tim a ted  c a tc h a b i l i ty  c o e f f ic ie n ts  from 
th e  r e g r e s s io n  model a re  s t i l l  v a l id  fo r  p re d ic tio n  of escapem ent. The 
ca tch  c an n o t b e  s e p a ra te d  in t o  u p r iv e r  and d e l t a  s to c k s  d u r in g  th e  
seaso n  w ith  th e  p re se n t s ta t e  o f technology. T here fo re , the  re g re s s io n  
model f o r  q in c o r p o r a te s  th e  u p r iv e r  and d e l t a  s to c k s  c a tc h  in  i t s  
in d e p e n d e n t  v a r i a b l e  f o r  c a tc h .  U n fo r tu n a te ly  th e  e s t im a t io n  o f  
escapement fo r  the d e l ta  stocks rem ains p rob lem atic .
The r e g r e s s io n  m odel u sed  to  p r e d i c t  th e  number o f  b o a t s ,  f o r
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s im u la tio n  p u rp o se s , was on ly  a f a i r  m odel a t  b e s t .  The r e g r e s s io n  
model co u ld  be  im proved by adding the  v a r ia b le  o f ca tch  o r CPUE on th e  
prev ious in t e r v a l ,  and th e  econom ic v a r i a b l e s  d is c u s s e d  in  C h a p te r  3 
(Argue e t  a l . ,  1983).
At th e  p r e s e n t  s ta g e  th e  m odel i s  a u s e f u l  t o o l  f o r  f i s h e r i e s  
re sea rch  and f o r  experienced  management p e r s o n n e l who co u ld  u se  i t  to  
e v a l u a t e  e x i s t i n g  management p r a c t i c e s  and changes in  management 
p o l i c i e s .  The e x i s t i n g  m odel ru n s  f o r  an  e n t i r e  sea so n  w ith  a s e t  
management s c e n a r io . The e f fe c tiv e n e ss  o f  the f ish in g  schedule i s  then  
evaluated  fo r  th e  e n t i r e  season . The model was a ls o  v e ry  e f f e c t i v e  in  
e v a l u a t i n g  d e te rm in a n ts  f o r  m ig ra to ry  tim e d e n s i t i e s  o f  d i f f e r e n t  
c a te g o r ie s  of d a ta .
The m o d e l c o u ld  b e  im p ro v e d  by th e  a d d i t i o n  o f  r e a l - t i m e  
c a p a b i l i t i e s .  The improvements could be accomplished as fo llo w s: (1 ) by 
s te p p in g  one in te r v a l  a t  a tim e through a season; (2) th e  u se r  i s  then  
informed of the  c a tc h , number o f  b o a ts ,  and the  escapement a t  th e  so n a r  
c o u n te r  f o r  eac h  i n t e r v a l ;  (3 )  th e  o p tio n  is  given to  run  in fo rm atio n  
through th e  proposed system o f in t r a s e a s o n  p r e d ic t io n  m o d e ls ; (4 )  th e  
u ser i s  g iven  an e s tim a te  fo r  t o t a l  seasonal ca tch  and escapement and an 
es tim a te  o f th e  m ig ra tio n  r a t e ;  (5 ) th e  u se r  i s  th e n  ask ed  to  su b m it a 
schedule o f f is h in g  fo r  th e  rem ainder o f  th e  season and; (6) th e  p rocess 
i s  then  rep ea ted  fo r  th e  subsequent in te r v a ls  of th e  m ig r a t io n  and th e  
u s e r  has  th e  o p t io n  to  update th e  f is h in g  schedule each in t e r v a l .  The 
dynamic p rocess in co rp o ra ted  in to  th e  model a ffo rd s  th e  u s e r  r e a l - t i m e  
management ex p erien ce . The b e n e f i ts  o f th i s  type o f s im u la tio n  t r a i n e r
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fo r  f is h e r ie s  management was p resen ted  in  Chapter 1•




1) The average seasonal m ig ra t io n  r a t e  e s t im a te d  by th e  c o r r e l a t i o n  
method agreed w ith  e s tim a te s  fo r  m ig ra tio n  r a te s  o f  sockeye salmon found 
by o th e r in v e s t ig a to rs .  The m ig ra tio n  r a te s  estim ated  by m inimizing th e  
v a r ia t io n  o f q were slow compared to  o th e r  s tu d ie s .
2) C a tc h a b ility  c o e f f ic ie n ts  (q) derived  from m igrations r e c o n s tr u c te d  
in  th e  r e f e r e n c e  fram e o f th e  h a rv e s t a re a  were found to  vary  w ith in  a 
season . D aily  le v e ls  o f e f f o r t ,  measured in  b o a ts  p e r  d a y , w ere found  
to  e x p la in  74 p ercen t o f the  v a r ia t io n  fo r  q. Using the  th e  l in e a r iz e d  
power law  r e g r e s s io n  m o d e l,  d a i l y  c a t c h ,  and  e f f o r t  d a t a  d a i l y  
escapem ent can  be e s tim a ted  during  th e  season . M igration r a te s  can be 
e s t im a te d  d u r in g  th e  sea so n  by c o r r e l a t i n g  d a i l y  o b s e r v e d  s o n a r  
escapement and d a i ly  p re d ic te d  escapem ent.
3) I t  was i n f e r r e d  from  th e  r e c o n s t r u c t e d  t im e  s e r i e s  o f  t o t a l  
abundance t h a t  th e  escapem en t from  th e  com m ercial h a r v e s t  a re a  was 
underestim ated  by the  sonar c o u n te r . The under e s tim a tio n  o f escapement 
from  th e  com m ercial h a rv e s t a rea  may be a t t r ib u te d  to  two sou rces; (1) 
th e  d e l t a  s to c k s  a re  h ig h e r  th a n  p o i n t  e s t i m a t e s  fo u n d  by s to c k  
s e p a r a t i o n  s t u d i e s  ( S h a r r  e t  a l . ,  1 984 ); (2 )  th e  en u m era tio n  o f  
escapem ent t o  t h e  u p p e r  C o p p e r R iv e r  sp aw n in g  a r e a s  a r e  b e in g
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underestim ated  by th e  sonar coun ter a t  M iles Lake.
4) The d i f f e r e n c e s  betw een  th e  d e s c r i p t i v e  s t a t i s t i c s  fo r  th e  tim e 
d e n s i t ie s  o f ca tch  and CPUE can be a t t r ib u t a b le  to  vary ing  q . A g e n e ra l 
s ta tem ent can be made th a t  in  a com p etitiv e  te rm in a l f is h e ry ,  o f  the  two 
in d ic e s  o f abundance (c a tc h  and CPUE), th e  tim e d e n s i ty  o f  c a tc h  w i l l  
b e s t  r e p r e s e n t  th e  tim e  d e n s i ty  o f t o t a l  abundance. In  f a c t  th e  tim e 
d e n s i ty  o f  c a tc h  and th e  t im e  d e n s i t y  o f  CPUE c a n  be u s e d  a s  a 
d i a g n o s t i c  t o o l  f o r  d e t e c t i o n  o f  v a r i a b l e  s e a s o n a l  q , w hich  i s  an 
in d ic a to r  o f a h igh ly  co m petitive  f is h e ry .
5 ) The m odel was found to  be a u s e f u l  to o l  f o r  i n v e s t i g a t i n g  th e  
beh av io r o f  m ig ra to ry  tim e d e n s i t i e s  and e v a lu a t in g  th e  s u c c e s s  o f  
m anagem ent s t r a t e g i e s  f o r  d e l iv e r in g  an escapem ent g o a l  w hich  i s  
p ro p o r tio n a te ly  d is t r ib u te d  over tim e.
6) The s im u la t io n  model was lack ing  re a l- t im e  c a p a b i l i t i e s .  Proposed 
changes fo r  th e  model w i l l  in c o rp o ra te  dynamic p rocesses and a system of 
p re d ic t iv e  models which a ffo rd  th e  u se r re a l- t im e  management ex p erien ce .
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APPENDIX A 
MIGRATORY TIMING OF CPUE DATA
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Table 1A. C o e ff ic ie n ts  o f v a r ia t io n  and s tandard  d e v ia tio n  (X100) o f th e  
average daily and cumulative proportions of sockeye catch per boat day (CPUE) by 
















6 515 3 .0155 40 0.62 3 .0155 40 0.62
7 516 5 .0132 39 0.51 5 .0225 49 1.12
8 517 6 .0164 46 0.77 7 .0301 49 1.50
9 518 5 .0301 39 1.18 8 .0452 45 2.06
10 519 7 .0245 40 0.99 9 .0586 46 2.75
11 520 9 .0203 50 1.03 11 .0645 58 3.80
12 521 8 .0234 46 1.09 11 .0815 51 4.16
13 522 7 .0238 36 0.87 11 .0969 52 5.08
14 523 6 .0242 41 1.01 11. .1100 52 5.79
15 524 8 .0253 46 1.17 11 .1286 41 5.29
16 525 7 .0284 30 0.86 11 .1467 39 5.80
17 526 9 .0208 50 1.04 11 .1639 40 6.58
18 527 7 .0152 26 0.40 11 .1736 40 7.03
19 528 9 .0193 55 1.07 12 .1736 47 8.23
20 529 9 .0255 57 1.45 12 .1928 41 7.98
21 530 9 .0228 67 1.54 12 .2098 37 7.95
22 531 10 .0223 79 1.77 12 .2235 31 7.20
23 601 11 .0225 81 1.83 12 .2491 25 6.25
24 602 10 .0259 58 1.51 12 .2708 21 5.83
25 603 11 .0207 41 0.84 12 .2897 21 6.22
26 604 9 .0202 40 0.82 12 .3050 19 6.03
27 605 9 .0205 48 1.00 12 .3202 18 5.87
28 606 8 .0178 37 0.66 12 .3321 17 5.86
29 607 9 .0165 39 0.65 12 .3445 16 5.82
30 608 10. .0150 53 0.80 12 .3570 15 5.51
31 609 10 .0160 45 0.73 12 .3706 14 5.35
32 610 .11 .0151 52 0.80 12 .3843 14 5.70
33 611 9 .0147 46 0.68 12 .3952 15 6.00
34 612 9 .0132 35 0.46 12 .4054 15 6.26
35 613 7 .0130 33 0.44 12 .4130 15 6.47
36 614 9 .0139 32 0.45 12 .4234 15 6.76
37 615 10 .0151 36 0.55 12 .4360 15 6.88
38 616 10 .0166 37 0.62 12 .4500 14 6.70
39 617 10 .0144 48 0.69 12 .4620 15 6.95
40 618 8 .0213 71 1.52 12 .4761 15 7.25
41 619 10 .0196 73 1.43 12 .4925 15 7.52
42 620 9 .0190 58 1.12 12 .5068 15 7.68
43 621 9 .0165 52 0.87 12 .5192 15 7.98
44 622 12 .0164 45 0.75 12 .5357 15 8.13
45 623 9 .0146 36 0.53 12 .5467 14 7.90
46 624 10 .0149 70 1.05 12 .5593 14 7.92
47 625 10 .0188 48 0.92 12 .5750 13 7.91
48 626 7 .0155 18 0.29 12 .5841 13 7.81
49 627 8 .0128 47 0.60 12 .5925 13 7.88
50 628 8 .0148 36 0.54 12 .6025 12 7.80


















51 629 9 .0156 40 0.63 12 .6141 12 7.42
52 630 10 .0150 41 0.62 12 .6268 11 7.02
53 701 9 .0155 39 0.60 12 .6383 11 7.18
54 702 9 .0198 44 0.88 12 .6531 11 7.63
55 703 8 .0132 46 0.61 12 .6621 11 7.38
56 704 6 .0140 34 0.48 12 .6692 11 7.53
57 705 8 .0148 19 0.28 12 .6790 11 7.51
58 706 9 .0168 41 0.70 12 .6917 10 7.42
59 707 9 .0126 43 0.55 12 .7012 10 7.19
60 708 10 .0152 51 0.78 12 .7138 10 7.22
61 709 11 .0137 39 0.54 12 .7264 10 7.27
62 710 9 .0133 39 0.53 12 .7363 9 7.08
63 711 8 .0129 31 0.40 12 .7450 9 6.95
64 712 8 .0180 36 0.65 12 .7570 8 6.68
65 713 9 .0140 19 0.27 12 .7676 8 6.30
66 714 10 .0192 49 0.96 12 .7836 7 5.65
67 715 9 .0236 56 1.32 12 .8014 6 5.57
68 716 10 .0181 33 0.61 12 .8165 7 5.94
69 717 10 .0163 35 0.57 12 .8301 6 5.38
70 718 8 .0190 59 1.13 12 .8427 5 4.75
71 719 8 .0134 34 0.46 12 . .8519 5 4.64
72 720 9 .0157 34 0.53 12 .8638 5 4.42
73 721 9 .0141 38 0.54 12 .8744 5 4.38
74 722 9 .0165 78 1.30 12 .8865 5 4.71
75 723 9 .0137 31 0.43 12 .8970 5 5.03
76 724 9 .0128 22 0.28 12 .9065 5 4.63
77 725 8 .0089 31 0.28 12 .9125 4 4.52
78 726 9 .0126 58 0.73 12 .9221 4 4.25
79 727 10 .0080 38 0.30 12 .9288 4 4.16
80 728 9 .0097 70 0.68 12 .9361 4 3.74
81 729 10 .0194 179 3.48 12 .9522 3 2.88
82 730 7 .0076 46 0.35 12 .9566 2 2.67
83 731 9 .0073 44 0.32 12 .9623 2 2.31
84 801 8 .0071 85 0.60 12 .9670 2 2.37
85 802 8 .0058 64 0.37 12 .9709 2 . 2.22
86 803 9 .0050 63 0.31 12 .9744 2 2.10
87 804 10 .0069 44 0.30 12 .9801 2 1.96
88 805 10 .0037 91 0.34 12 .9834 1 1.92
89 806 7 .0044 46 0.21 12 .9860 1 1.81
90 807 7 .0021 82 0.17 12 .9873 1 1.75
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Table 2a. The coded means and variances of sockeye salmon m ig ra tio n  based on 




1969 June 20 42.4 479.8
1970 June 17 39.3 530.5
1971 June 25 47.8 528.5
1972 June 24 46.9 526.0
1973 June 25 47.9 386.9
1974 June 19 41.3 407.5
1975 June 14 36.9 420.5
1976 June 25 47.9 670.9
1977 June 20 42.3 480.7
1978 June 21 43.6 675.3
1979 June 08 30.9 835.4
1980 Ju ly  22 74.6 202.7
1981 June 27 49.7 550.2
1982 June 18 40.0 544.4
X for the coded mean date (excluding 1979 and 1980) = 
43.8; (SD = 4.12)
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F ig u re  1A. A verage d a i ly  p ro p o r t io n s  o f  ca tch  ( s o lid  l in e )  and CPUE 
(d ash ed  l i n e )  f o r  y e a rs  1969 -  1978, 1981, and 1982, Copper R i v e r  
d i s t r i c t  (212).
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Table IB. Catch, Escapement, and the recon structed  abundance using a lag tim e o f  4
days, 1978. Coded day 1 i s  equal to May 10.
Date Catch Escapement Total Eop. E tfort Expl. Kate q
6. 13096. 0. 13096. 240. 0.00000 0.00000
7. 9358. 0. 9358. 270. 0.00000 0.00000
8. 2724. 0. 2724. 97. 0.00000 0.00000
9. 1092. 0. 1092. 24. 0.00000 0.00000
10. 21998. 0. 21998. 318. 0.00000 0.00000
11. 15037. 0. 15037. 238. 0.00000 0.00000
12. 0. 0. 0. 0. 0.00000 0.00000
13. 15257. 0. 15257. 277. 0.00000 0.00000
14. 12992. 0. 12992. 358. 0.00000 0.00000
15. 734. 0. 734. 28. 0.00000 0.00000
16. 0. 0. 0. 0. 0.00000 0.00000
17. 11. 3241. 3252. 1. 0.00338 0.00339
18. 22. 2549. 2571. 1. 0.00856 0.00859
19. 851. 2616. 3467. 13. 0.24546 0.02166
20. 31921. 2811. 34732. 350. 0.91907 0.00718
21. 17156. 1837. 18993. 212. 0.90328 0.01102
22. 5761. 3256. 9017. 109. 0.63890 0.00935
23. 2136. 2970. 5106. 64. 0.41833 0.00847
24. 21051. 3318. 24369. 314. 0.86384 0.00635
25. 20486. 3808. 24294. 263. 0.84325 0.00705
26. 0. 3275. 3275. 0. 0.00000 0.00000
27. 0. 2252. 2252. 0. 0.00000 0.00000
28. 0. 3475. 3475. 0. 0.00000 0.00000
29. 0. 2490. 2490. 0. 0.00000 0.00000
30. 0. 2082. 2082. 0. 0.00000 0.00000
31. 0. 2419. 2419. 0. 0.00000 0.00000
32. 64. 2835. 2899. 1. 0.02208 0.02232
33. 0. 2913. 2913. 0. 0.00000 0.00000
34. 0. 2782. 2782. 0. 0.00000 0.00000
35. 0. 2779. 2779. 0. 0.00000 0.00000
36. 0. 2261. 2261. 0. 0.00000 0.00000
37. 0. 3035. 3035. 0. 0.00000 0.00000
38. 0. 3035. 3035. 0. 0.00000 0.00000
39. 0. 2515. 2515. 0. 0.00000 0.00000
40. 0. 2068. 2068. 0. 0.00000 0.00000
41. 234. 2841. 3075. 2. 0.07610 0.03957
42. 16042. 2616. 18658. 145. 0.85979 0.01355
43. 12333. 2130. 14463. 135. 0.85273 0.01419
44. 1803. 1771. 3574. 27. 0.50448 0.02601




Total Population 22.74 123.41
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Table 2B. Catch, Escapement, and the recon structed  abundance using a lag tim e o f  4
days, 1979. Coded day 1 i s  equal to May 10.
D ate Catch Escapement T o tal Pop. E ffo r t Expl. Kate q
15. 2950. . 2768. 5718. 92. 0.51591 0.00789
16. 27583. 3905. 31488. 371. 0.87598 0.00563
17. 9791. 7482. 17273. 138. 0.56684 0.00606
18. 0. 8655. 8655. 0. 0.00000 0.00000
19. 18297. 4078. 22375. 381. 0.81774 0.00447
20. 14503. 3465. 17968. 355. 0.80716 0.00464
21. 2596. 3536. 6132. 68. 0.42335 0.00810
22. 0. 2778. 2778. 0. 0.00000 0.00000
23. 0 . 4352. 4352. 0. 0.00000 0.00000
24. 0. 6453. 6453. 0. 0.00000 0.00000
25. 0. 7031. 7031. 0. 0.00000 0.00000
26. 0. 11078. 11078. 0. 0.00000 0.00000
27. 0. 7985. 7985. 0. 0.00000 0.00000
28. 0. 5205. 5205. 0. 0.00000 0.00000
29. 0. 4426. 4426. 0. 0.00000 0.00000
30. 0. 2227. 2227. 0. 0.00000 0.00000
31. 0 . 3903. 3903. 0. 0.00000 0.00000
32. 0. 2563. 2563. 0. 0.00000 0.00000
33. 0 . 3351. 3351. 0. 0.00000 0.00000
34. 0. 3473. 3473. 0. 0.00000 0.00000
35. 0. 4640. 4640. 0. 0.00000 0.00000
36. 0. 3911. 3911. 0. 0.00000 0.00000
37. 0. 3413. 3413. 0. 0.00000 0.00000
38. 0. 1954. 1954. 0. 0.00000 0.00000
39. 0 . 2223. 2223. 0. 0.00000 0.00000
40. 0. 2585. 2585. 0. 0.00000 0.00000




Total Population 23.11 50.23
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Table 3B. Catch, Escapement, and the recon structed  abundance using a lag tim e o f  3
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Table 4B. Catch, Escapement, and the recon structed  abundance using a lag tim e o f  3
days, 1981. Coded day 1 is  equal to May 10.
P a t e
5.
C a t c h
0.
E s c a p e m e n t
5372.
T o t a l  Po p .  
5372.
'E f f o r t
0.
E x p l.
0.00000
R ate  q 
0.00000
6. 0. 9665. 9665. 0. 0.00000 0.00000
7. 0. 11409. 11409. 0. 0.00000 0.00000
8. 0. 10733. 10733. 0. 0.00000 0.00000
9. 58954. 9729. 68683. 235. 0.85835 0.00832
10. 51841. 7558. 59399. 242. 0.87276 0.00853
11. 0. 6214. 6214. 0. 0.00000 0.00000
12. 0. 12985. 12985. 0. 0.00000 0.00000
13. 0. 12816. 12816. 0. 0.00000 0.00000
14. 0. 6383. 6383. 0. 0.00000 0.00000
15. 0. 2842. 2842. 0. 0.00000 0.00000
16. 48905. 2560. 51465. 216. 0.95026 0.01391
17. 65201. 2160. 67361. . 317. 0.96793 0.01086
18. 0. 11822. 11822. 0. 0.00000 0.00000
19. 0. 21126. 21126. 0. 0.00000 0.00000
20. 0. 18415. 18415. 0. 0.00000 0.00000
21. 0. 23771. 23771. 0. 0.00000 0.00000
22. 0. 16716. 16716. 0. 0.00000 0.00000
23. 23114. 9755. 32869. 200. 0.70322 0.00609
24. 41966. 10478. 52444. 333. 0.80021 0.00484
25. 6164. 11975. 18139. 13. 0.33982 0.03270
26. 0. 13585. 13585. 0. 0.00000 0.00000
27. 0. 14412. 14412. 0. 0.00000 0.00000
28. 0. 15694. 15694. 0. 0.00000 0.00000
29. 0. 12856. 12856. 0. 0.00000 0.00000
30. 17497. 7877. 25374. 188. 0.68956 0.00622
31. 23706. 4844. 28550. 294. 0.83033 0.00603
32. 24082. 3556. 27638. 193. 0.87134 0.01064
33. 0. 5228. 5228. 0. 0.00000 0.00000
34. 0. 7071. 7071. 0. O.OOOGG 0.00000
35. 0. 6885. 6885. 0. 0.00000 0.00000
36. 0. 6467. 6467. 0. 0.00000 0.00000
37. 13795. 4565. 18360. 141. 0.75136 0.00985
38. 15759. 2985. 18744. 217. 0.84075 0.00847
39. 5200. 2891. 8091. 19. 0.64269 0.05563
40. 0. 3446. 3446. 0. 0.00000 0.00000
41. 0. 3997. 3997. 0. 0.00000 0.00000
42. 0. 4363. 4363. 0. 0.00000 0.00000
43. 0. 4651. 4651. 0. 0.00000 0.00000
44. 9989. 3398. 13387. 92. 0.74617 0.01497
45. 6076. 2412. 8488. 77. 0.71583 0.01634
46. 8380. 2507. 10887. 46. 0.76973 0.03206
47. . 5342. 2949. 8291. 17. 0.64431 0.06081
48. 0. 3421. . 3421. 0. 0.00000 0.00000
49. 0. 2378. 2378. 0. 0.00000 0.00000




Total Population 22.51 120.01
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Table 5B. Catch, Escapement, and the recon stru cted  abundance using a lag tim e o f  3
days, 1982. Coded day 1 i s  equal to May 10.
D a t e C a t c h
5. 0.
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Table 6B. Catch, Escapement, and the recon structed  abundance using a lag  tim e o f  4
days, 1983. Coded day 1 is  equal to May 10.
Dat e
7.
C a t c h  E s c a p e m e n t  
20632. 0.
T o t a l  P o p .  
20632.
E f f o r t
128.
E x p l . 
0.00000
R ate  q 
0.00000
8. 25217. 0. 25217. 157. 0.00000 0.00000
9. 0. 0. 0. 0. 0.00000 0.00000
10. 0. 3310. 3310. 0. 0.00000 0.00000
11. 0. 8620. 8620. 0. 0.00000 0.00000
12. 0. 11587. 11587. 0. 0.00000 0.00000
13. 0. 10575. 10575. 0. 0.00000 0.00000
14. 50414. 8661. 59075. 157. 0.85339 0.01224
15. 61633. 8456. 70089. 192. 0.87935 0.01102
16. 0. 6380. 6380. 0. 0.00000 0.00000
17. 0. 8296. 8296. 0. 0.00000 0.00000
18. 0. 17123. 17123. 0. 0.00000 0.00000
19. 0. 18428. 18428. 0. 0.00000 0.00000
20. 0. 14414. 14414. 0. 0.00000 0.00000
21. 42027. 13137. 55164. 164. 0.76186 0.00878
22. 51366. 15357. 66723. 201. 0.76984 0.00731
23. 0. 19110. 19110. 0. 0.00000 0.00000
24. 0. 14069. 14069. 0. 0.00000 0.00000
25. 0. 19309. 19309. 0. 0.00000 0.00000
26. 0. 16094. 16094. 0. 0.00000 0.00000
27. 0. 11415. 11415. 0. 0.00000 0.00000
28. 37269. 8009. 45278. 217. 0.82312 0.00798
29. 45551. 9563. 55114. 265. 0.82649 0.00661
30. 0. 13292. 13292. 0. 0.00000 0.00000
31. 0. 13444. 13444. 0. 0.00000 0.00000
32. 0. 13831. 13831. 0. 0.00000 0.00000
33. 0. 15915. 15915. 0. 0.00000 0.00000
34. 4298. 7938. 12236. 7. 0.35126 0.06657
35. 18804. 5671. 24475. 113. 0.76829 0.01294
36. 24176. 5689. 29865. 146. 0.80951 0.01136
37. 6447. 6461. 12908. 10. 0.49946 0.07062
38. 0. 7382. 7382. 0. 0.00000 0.00000
39. 0. 8124. 8124. 0. 0.00000 0.00000
40. 0. 8005. 8005. 0. 0.00000 0.00000
41. 0. 7546. 7546. 0. 0.00000 0.00000
42. 13354. 6009. 19363. 39. 0.68967 0.03000
43. 16321. 5226. 21547. 48. 0.75746 0.02951
44. 0. 5638. 5638. 0. 0.00000 0.00000
45. 3496. 4738. 8234. 5. 0.42458 0.10427
46. 15538. 4697. 20235. 93. 0.76788 0.01570
47. 4273. 4304. 8577. 7. 0.49819 0.10608
48. 0. 6146. 6146. 0. 0.00000 0.00000
49. 14584. 6106. 20690. 62. 0.70488 0.01968




Total Population 26.59 133.08
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